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OF WATER TIDAL CANALS 

Eart I. Browy,* M. Am. Soo. ©. E. 


tS The passage of the ocean tidal wave before the mouth of an estuary, river, 
inlet sets ‘up therein a derived wave, which is 3 propagated into the mouth in 
accordance with certain: laws not yet clearly understood by engineers. (The 
7 simplest example of a channel i in which a derived wave may be propagated i isa . 
canal of uniform width and depth. 3 This p paper is devoted to a consideration - 
and further study of the phenomena re resulting f from the propagation of derived © 
‘The derived wave is considered to be a wave of translation with successive 
positive and negative phases, propagated in accordance with known 
laws, Pope cannons are made for ‘the effects of friction on the bottom and on : 


penditure ‘of ‘the. energy imparted © the derived wave by the generating 
The length, width, and depth of the canal have an effect in ‘determining the “4 


-_ at which this energy is expended. The conditions under which the derived - 
wave is propagated ar are also modified by the character of the body of water with 

wick the canal communicates at. its farther end. . Three cases are considered, _ _ 


amely, (a) a of water at constant (0) a of water with varying 


Theoretical considerations are discussed, first, in order to enable funda- 
as mental conceptions to be established as to the mechanism of propagation, and as an 
to the influence of width, depth, and canal outlet on propagation. These funda- 
a mental conceptions lead to the proposal | of v what may be termed the “Reflect i 
Wave Theory” to account for the effect on the derived wave of the chara 


_teristies of the oe water at the outlet of the canal. This theory i is believe 
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to new; the w has not heretofore. in 
literature on tidal subjects. 


tl they usually exist, no canals are so that all 
the energy of the derived wave. “a Therefore, the | presence of the enemeenied 
Sg _ energy of the wave, when it it ‘arrives at the end, or the outlet, must be ex- 


plained. According to the reflected wave theory ‘this 1 remaining energy is. 

_ back into the canal in the form of a reflected wave the energy of 
which is is also subject to: frictional 1 losses; if the r remaining energy is is not entirely: 


wave is ‘set up, a and so on indefinitely until practically all the energy of ‘the 


wave shall have been absorbed by friction within the of the 


the 


‘same he canal outlet respect. to as If outlet is 


4 wider than the width of the canal, it will be of the opposite sign. ss _ 


BR various waves, derived and ‘reflected, exist ‘simultaneously in ie 


onal, and accordingly they will at in accordance with 


in the channel is the 1 this 
= ire ave energy is manifested both in the height of the wave above or below 


mean sea a level in a the velocity of the water set t up by wave ve propagation. 


panying an l of the water are roughly proportional. When two simple 
Bs ‘waves of translation interfere while being propagated in opposite. directions, 
heights will be added to form the resultant: height, and the velocities will 
be subtracted to form. ‘the resultant velocity, since the t two component velocities 


7 are traveling in opposite directions. Hence, in in the resultant, the height and 


-_-velocity are no longer proportional to each other. 
While the Jongitudinal profile of the generating wave is not usually truly 
sinusoidal, it may be considered without ‘appreciable error; henee, the 
derived wave, including ‘the resultant and all reflected waves, 1 may be consid- i 
ered” as sinusoidal. 3 This approximation makes it unnecessary to compute the , 
effect of friction in reducing each element of the derived wave, but only of — 
- the summit of the wave. All other elements follow from that by an application 


-_ To apply this theory, an equation is 1 first deduced | by which the height « of 7 
ummit, as reduced by friction, may be fownd for any point in the cl 
‘canal. oy An extension of this s computation by the same formula gives the height ba 
the point of as ‘many reflected waves as have sufficient magnitude 
to warrant their consideration. . The cosine law is applied to each of these 


| 
_with p proper allow: ances for shone : differences resulting from the - various times — 


for each wave to be propagated from the entrance to the selected 
point, and the the summation these” results gives the wave height. 


a 


‘Su ‘The method of applying the theory to pars of various characteristics is 


= - shown, and methods of determining the coefficient of friction for each ease 
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the results of 


: 


— 


e water er due - to the propa- 


“of the surface and the of the ata given ‘plat: are 


a. compound” or “resultant wave of translation” is formed by the inter-— 
as ence of two or more simultaneous simple waves of translation. 7 or 


_ The “speed” of a wave is the rate at which its form is propagated. It is 


to be confused with the velocity of the wate. 


“Mean ‘sea level” i is that at which the body of water in which the gener a 


ing tide is propagated w vould stand if ‘there were no tidal action in ‘it. . Tt is 
“Mean canal”, or “mean river level”, is the mean of the high \ ae low-water | 


j It is. 
ratio of the area a of ceross- ss-section n referred to mean sea level to mean 


width at the same level. 


“High- water stand, or “low- water | efers to the instant at which 


tical tidal from } rising to falling, or vice versa. 
_ The “summit” of a wave is that element at its greatest rise or ‘a ie 


‘The < ‘velocity” is s the rate of motion of a particle of water acted on ‘ge a 
wave of translation. _ Velocity: due to other ¢ causes is ~ gael in this study. 
“strength of the tide” is its ‘maximum mean velocity. 
Shack water” refers to the instant at wh which. the in 


“tun of the current’ is the e instant at which point 


ee direction. iit eae oceurs at or n 


| 


avs 


The “geometric loci of high and lew the curves env 
The “local velocity expresses the relation ome. the 1 velocity 


,), The ‘ ‘instantaneous velocity curve” indicates the velocity at all points in 


“geometric loci « of slack waters” are the curves indicating the height 


= 


= 


—_ 

nce wich 
sults with 
=< 
7 { The movement of a “simple wave of translation” causes a particle of water — 
. to remain permanently displaced in one direction or the other. This wave is i 
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“= speed at which the wave is propagated; denotes the rate 


which a wave is propagated between two given points. a 


¢ = time before the instant, = 0, as at mean sea 
D = reduced depth of the canal, 
d= ‘difference i in times between the of f high water at t the cat the 


= energy of any ‘unit length aa a wave 


= elevation of mean sea level of a wave. to the staff 

= = work done by frictional resistance 

tab onde: F= = friction ] per square foot of the water on the wetted surface 0 of the © 
q 


to = coefficient of friction on the nature of the bottom, the 


water depth, and the velocity of flow. 


= height of the tide referred to ) mean sea level at any point, x, cor-— 
= height of the tide at the s summit of the wave at 
= maximum height of. the generating w ave (and, of 
derived wave) at ‘the canal entrance; B,, 
= fs a: denote the value to which H, becomes reduced by friction i in the | 
he first, second, third, etc., passages of the simple derived wave 
ee translation. < ‘They ‘each have different values for each value of z. 
:: h, = velocity height, | or the height of a simple wave of translation | 
which, by itself, would create a ‘velocity, V 
‘1 = width of the canal at sea level. 
p = wetted perimeter of any cross- section at mean sea 
t = time, seconds, counted from the instant of high water at the 
time at which high point, x. It is, 
_ therefore, the time required for the resultant wave to be propa- 
gated from the entrance of the canal to the point, x. t,, t,, ts, al 
aie etc., denote the time required for the wave of translation and 
second, third, etc., reflected waves to reach the point, 


~ 


my = time of occurrence of the maximum velocity at a point, x. It is, 
_ therefore, the time required for the maximum resultant velocity. 
c his» to be propagated from the entrance of the canal to the point, x. = 


= ‘ eo total tidal period from one high water to the next (44715 sec.). — 
ty. ode = time required for the crest of the wave to travel from the entrance 
of the canal | to the point, x, in question. 
t, = time required for the propagation of a reflected negative ‘wave 
from the reservoir toward the sea to a point, z. 


tf ed aad tz = time required for the positive wave to be transmitted from the sea 2 


velocity of any current of water not of ‘tidal q 

U = horizontal displacement of the water molecules. 

actual velocity of the water at any time, t, and we any 
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velocity at the entrance to the canal corresponding to the heigh 
V,, V2, V3, etc., equal the velocities at any point, 2, due 
ae the wanes of a wave of translation, or the second, ‘third, ete., 
Teflected simple waves of ‘translation, with heights “equal to ‘ 
velocity due. to height, h, in an infinitely long canal, _ ape 
= abscissa on the sine cur ve, or the distance required for wave prop 
ordinate on the sine curve. of Pago 
a vi Y = height of water above the mean level of the canal, due to the prop- 


se __ agation of a wave of translation at any instant, t, counted from 


the time of high water in the tidal sea. 


_ ‘aks To treat of this subject, it is first necessary to determine the character of | 


the flow through canals subject to tidal influences. Most textbooks treat only 


4 of ‘the flow of water under the influence « of a ‘surface slope, without much refer- - . 
ve ence to tidal influences and the manner in which their effects are manifested. | 
ps currents | are sometimes attributed to the effects of the surface slope | of | 
the tidal wave, but both ‘theory and observation disprove, ‘that ‘explanation. 


. Omitting from consideration for the present all questions of fresh-water flow or ae 
discharge, and taking into consideration only» the flow directly attributable to 


a, tidal influences, consider the manner in which such influences are manifested. » 7 


All tidal : action in ‘coastal waters is clearly generated by the great — 
tidal wave formed directly under the combined attraction _of the moon and the 


sun. This ‘great 5 wave gives rise to other waves which are ; propagated i in ely 
or less degree to all waters connected with the sea at a suitable level. — This 


paper is not concerned with any of the theories of the action of the ocean = 


Y except as it is manifested along the coast line; usually in in a semi- -diurnal rise 
at and fall, during which the g graph of the surface variations is ; approximately e's 


only "waves of importance affecting tidal canals besides the tidal waves 
Nid 


are wind waves, or secondary waves generated by wind waves, and these are too 

Waves of Oscillation— —Every force which acts upon a liquid mass develops 

waves i in it, which waves | of oscillation waves of ‘translation may be 
Waves: of ‘oscillation occur whenever the water is subjected to a vertical — 


force which causes a momentary depression or ‘elevation upon a relatively 


extensive area of the surface. They 1 may be ordinary or per iodical. | Periodical 


waves: follow each other ] like ordinary waves, but each has its own particular a 


cause; ; their } per iodicity i is inherent in the force which acts upon the ‘water, and a 


hich produces a wave each time it acts. The undulations of the water oscillate. rats 
above and below the level of equilibrium, and are of the same height or semi- aay 


The by waves of oscillation makes itself manifest below 
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surface occur in body of the water er, but their amplitud 
e3 the surface. _ Waves of oscillation, therefore, cause motion in the water only for 7 

Two different ‘motions, which occur in a liquid mass, 
3 are e propagated independently of each other, without coalescing. "The resultant: 7 


wave has a different form from that of the two components; the variation of the - 


level of of the water at any given point is is the algebraic sum of the superelevations | 


and - depressions due to the two waves. The heights are added together or sub- 


tracted according as they are above or below the mean level. | 
we 


‘aves of Translation.— —A wave of translation will originate in the waters 
af a canal, at the extremity of which there has sie pashan suddenly a 


an effect of compression. ‘Thus, a boat i in 

entering into a narrow section of the canal, of sufficient length, carries before : 
ita certain quantity of water, and ‘should the boat stop abr ruptly, the intumes- + 
3 cence thus formed above the surface of the water detaches itself, becomes an 


indulation and continues its progress in the direction of the motion of the 


wave of translation is single for each effort imposed upon the Tiquid 
‘mass; for this 1 reason it is also called the solitary wave. It has the dharacter- 
4 

istic, of being contained entirely ‘above the surface of the water. a: 


| 
bid The: most notable experiments which have been made “upon the solitary w wave 


= the different properties of waves of tral 
Although. the horizontal force which creates such a wave may act upon only 
a portion of the water, the wave spreads over the entire width of the s surface, 
and puts the entire mass of liquid in motion from 1 top to bottom. 
; oa When the wave is propag gated i in a canal of variable ‘cross-s section, it takes a 
ie height 2 at the narrow points, w hile it ‘becomes lower i in the places me 


the canal is wider; but it always occupies the entire section of the canal. 


és pre ssure on the liquid mass in the horizontal direction gradually takes a certain 4 


ae - for rm which i is distinguished by its great stability; this is influenced only by the 
attrition resulting from friction, which i is quite slow. Ye 


an The speed or velocity of propagation 1 of the wave of translation, observed 
= ea the depth is variable in the same cross- -section, the wave takes a single 
velocity of propagation corresponding to the mean depth of the section. Ina 


ill water of sufficient depth each wave ‘produced by a force exercising | 


Bc rectangular. canal, the waters of which are endowed with uniform motion, Ld 


any wave of translation, when propagated i in the « direction of the current, takes” 
regular form, of remarkable which tends. to approach that of the 
a 
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‘For which is is propagated i in a opposed to that 


this case the wave soon from the ‘differing 


more as the current is ; swifter, , and when the speed has diminished to the point 
of approaching the velocity of the current, it loses its vitality rapidly, the 


mass of water composing it being gr: adually in the current. 


petite’ the computation of the speed ¢ of each layer, dz, of a wave of trans- 7 


= lation, when the wave has not ; acquired the | permanent form which is assumed 
in the case of the experimental formulas, and (3), which | 


q 


all the intumescences of various the propagation of which 


may be imagined, there is one for which the heights, h, and the | curvatures, | 


are so distributed that the speed of propagation is the same for all its 


elements. That i is the solitary wave—the wave of -translation—studied by § 
ig? Tidal the Sea.—Tidal waves in the open sea take the 
A waves of oscillation. _ The propagation of the wave sets up curt rents due to the al 
displacements. of the liquid involved in the motion. | ‘Tidal currents have no 
telation to the surface slope of the water ; Liss are exclusively undulatory 


Tidal ‘currents in shallow waters near ‘the line are mass currents, 
— for the | entire depth of the sea; they are directed successively in the 


are called flood currents” in the former case and ebb currents | in the hae. 


‘They a are alternating currents; barely perceptible i in the deep sea, , they increase — 
in intensity as the depth of water diminishes. The currents sometimes become 
Byratory because of the combination of longitudinal with lateral 


Water on shore, or of the crossing of ‘two. waves the directions « 
p>. 


‘currents cease to run (and when they | are a about to be replaced by currents in a 


the opp opposite direction) has received the name “flood slack”, or or “ebb slack”, as the — 
case may be. 1 ‘Under normal conditions tidal wave is periodical and its” 


curve takes a ‘sinusoidal form; the currents which it generates turn 


8 _ The stage of the tide that corresponds to the moment when flood and | 


“Essai sur la Théorie ‘Eaux Courantes, J. Boussinesgq ; also, 
“Hydraulique,” A. ‘Flamant, Paris, 1923, pp. 433-435 and pp. 438-440. 
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"rapidly, ‘the propagation of the wave is hindered or checked in its tray 


as in approaching th the coast line, in estuaries, and especially i in tidal rivers. 


af In | general, | near the « coast line, the situation is intermediate between the 
—— of free propagation of the tidal wave, and that of filling a basin of small is 

dimensions; the regimen of the tide becomes changed. The reversal or turn of - 
- 4 the tide is then no longer effected at mid-tide, but « approaches closer to the times 7 
of high and low and ‘the ‘maximum velocity. approaches mid- tide. The 


velocities then differ. from their theoretical value. and, in order to. 


the phenomena observed, one is tempted at times to have recourse to considera- 


tions based upon the hydraulies of running w vater and the influence of surface 7 
pe Under these conditions the tidal loses. its usual characteristics, 


entirely or in part, and in order to account for observed facts, it must be 
- considered as formed by a series of small waves . of translation each of which 


WW aves im Tidal Channels. —In the propagation of a wave there is only a 


simple transmission of ‘motion, during w hich “the molecules of. water are 
- successively ‘raised and lowered on the passage ofa wave, without participating — 


in any w ay in in its velocity of propagation. _ These transmissions of motion can- 
“not take place \ without being accompanied by transportation of liquid molecules 


4 occurring: step » by step i in the horizontal direction, which ; gives. rise to curr rents 
the direction of propagation, 


or waves in tidal channels, the horizontal force which 


q resides 1 in the : rise of the tide « at the mouth. | The, derived wave in tidal al channels : 
= is not a tidal wave in the sense in which that term is used : as to the. ocean tidal Po , 
ow ave; it is not a periodic wave of oscillation, a chop, ora ‘seiche. ‘It exhibits 
. a _ the traits of a simple wave of translation, resembling it notably i in the 1 means of i 
— formation, but differing from it as soon as the conditions of propagation are bose 
considered. The velocity of propagation of the derived wave is usually less than 
is is indicated by the usual theoretical formulas. © Furthermore, in the true simple — ie 
wave of translation, all the velocities are in the same ‘direction, whatever point 
of the wave is considered, while in the derived wave the currents: flow alter- 
nately i in one direction and then in the other, and the velocities x may be , greater 7 and ‘ 
‘discrepancies, however, are more apparent ‘thin ‘teal, and Whicl 
arise from the fact that formulas for the speed and velocity of the wave of : = 
translation, as Equations (1) to (4), inclusive, are” applicable to small 
‘waves which are propagated in ‘relatively 1 wide and deep channels. In « cases ; of : 4) befor 
this kind the influences of resistances and of reflections are inappreciable. The of tid 
are not applicable ¢ to waves for which the height is comparable to 
the depth of the e channel and which are propagated i in short, crooked channels 


= oe with irregular banks. _ These conditions offer very great resistance to the propa- 


i 
ec 4 == of the wave. , Tt is ‘to ‘these resistances and 1 to reflections within the 
tad 


channel that the discrepancies observed between the behavior of the derived J 


ee wave and that of small simple waves of translation, must be attributed. = 


at mean tide level, reaching thelr maximum velocity or strength at high or low ted 
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“a the on Waves in BE: conclusions as to the 


into a a canal from another of water will be by a set of ‘condi- 
tions s differing from those prevailing when it enters a tidal river or estuary from 

the sea. Its character is changed by ’ the > expenditure of energy necessary t to Fs 


: of overcome each resistance to its progr ess, and this expenditure must then ¢ cause 


q Ls either a diminution of the volume of the wave, a reduction of its height, or ~~ 


A tidal river or estuary will always be found closed at its upper end. 
*; This limits the distance in which the wave may be propagated and it limits — 
_ the volume of the v wave that may be propagated past any given point. In such . 


cases the wave may be by a large fresh- water Giacharge.” In addi- 


decrease in the of the wave. Such lost volume, together with 


friction losses and any fresh-water discharge, is ejected down ‘stream. a ae adc, 
conditions, however, are not usually encountered in a The 
canal is not ordinarily of a funnel shape; it is usually of constant depth and 


nose. -section. There is seldom | any fresh-water discharge to be considered. — 
~The physical characteristics of a canal have a preponderating influence 


the propagation of the tide within it. Assuming a horizontal canal of 

: constant width and depth, communicating ¢ at one end with a body of tidal water, oe 
7 the character of the tide within the | canal will be further controlled by the * 
- length of the canal and the character of the body of water with which it 


‘ communicates. In this study it will be assumed that the canal communicates : 
far end with some body of water, and is not merely a closed channel. 


Regardless of the length of the canal, ‘three « cases will arise with respect 


the body of water with which it communicates : 


body of water be at a constant level; 


a ti (2) It may vary in level due to tidal flow through ‘the canal ; and t 

(8) It may vary in level « due toa proper tide ofitsown, 
(1), as stated, implies a n non-tidal reservoir sufficiently large fini 
go as not to be affected appreciably by any tidal flow it 1 may receive through 

7 the canal. Case > (2) may be a rather small reservoir which will be partly filled _ 

and emptied through the canal at each tide. In Case (8) the canal will be the 
4 meeting place of two opposed. independent t waves, the phases and amplitudes of “4 
These three comprise practically all cases of tidal flow i in canals. The flow 
in tidal rivers and estuaries will not be included in this study. However, _ 
before beginning these practical studies, it is necessary to consider the theory 7H : 

, oof tidal action in a canal of infinite length, in order that the theory may be of © ia 

An ‘infinitely long. canal is a fiction that has been the 


necessities of theory. Except in rare instances, such as the Amazon River, 
the St. Lawrence River, or ‘Chesapeake Bay, the length of channel ‘influenced a 
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to follow scientists the hypothetical domain anid to examine the theoretical 
-- regimen of the tide in such a | canal assuming that its bottom is horizontal and 
its cross-section remains constant: for its entire length. Under ‘Sine 
restrictions the question has been treated by several investigators, and it 
interest to review the results at which they have 
‘Theory of ‘Airy. —Airy has devoted an important work* to the general study 
e the tides and of waves es of ¢ different kinds, in which he has discussed i in the | 
‘greatest ¢ detail the circumstances of the propagation mn. of the tidal \ wave in tidal 
| tr an and estuaries. ‘The results which he obtained n may y be summed wu up in the 
| ‘The ‘speed or or velocity of propagation of the wave equals, at high- water stand, “| 


horizontal displacements 0 of the molecules, which are same from the 


4 bottom to the surface, are toy am 


8) 


and at low-water stand, tet 


Fea 


occur in a case unless pet additional force inter 

: os vene to combine its action with that of gravity, and he suggested that. friction a 
a might supply such a force. He attempted to evaluate the influence of friction > 


of the liquid on the bottom of the canal, assuming it to be. proportional to the 


4 velocity, but he found that an ev aluation thus made, did not possess the desired | 


’ reliability. for use in 1 practice ; nor was it capable of explaining the phenomena 


‘Theory of Saint- Venant. Venant has treated the same “questiont 

Pe based u upon a hypothesis prev iously proposed by Bremontier and confirmed by 

= Bazin and | Partiot. it consists in considering the tidal wave (which is of ‘the 

lass. termed ‘ ‘periodical” ) as the result of the superposition o of a series of very 
= waves of translation being propagated according to the laws ne 

= Seott Russell a and developed by Basin.” During the flood wave, these ele- 
mentary Ww waves: would be formed by intumescences « or ‘fluxes, and during the ebb 

by depressions or refluxes. STBT Of TO 


* “Tides and ‘Waves, Encylopedia Metropolitana, Vol. V, 1845, p. 
Comptes Rendus de l’Academie des ‘PP. (147 188. 
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Under ‘this and neglecting the of friction upon the 
walls canal (assumed to to be rectangular), he o obtained the. the. following 


lay +h) D ] _9 / 
—2 9(D—h). 


“Theory of M Maurice —The theory was ve erificd ‘and 


confirmed by Maurice Lévy* who also treated the gener ral question of the 
regimen of the tide in canals both of constant and of variable width. ‘He made 


an application of the theory to river tides in the case | in which the. width is 
constant or slowly variable, due regard being given to the friction exerted 


- 1—The wave is propagated with a decreasing height according to a 


.—The velocity of propagation is given a simple expression asa 


pte: 3.—The strength of the current occurs before the high and the low 


__- waters, and its value diminishes as the point considered is farther from 

His results are better in accord with the results of observation than those > 
a the others. The | superiority of his theory | arises principally from the fact 
that Lévy has succeeded in taking into account the effects of. friction which i, 


Saint. ‘Venant had neglected and which Airy thought inadequate to explain. 


- diserepancies between facts and the results of his analysis. _ This influence of 


friction upon the. phenomena of. the tide, formerly regarded rather vaguely, 
now: an established fact. It can be computed in a fairly precise | manner, under 
simple circumstances, it is true, but nev ertheless in such | a way as s to ‘permit 


rational inductions to be made for the most complicated cases. 


In attempting to apply his equations to the Suez Canal, Lévy found ‘that 


computed values of the velocity were far less velocities, 


_ particularly at the end next to the Bitter ‘Lakes. He attempted to remedy this 
discrepancy by the use of ‘equations toa second approximation, but still 


a without a complete agreement with observation. fiw 
‘The theory of Lévy is quite fully | set forth and snileineh’ in an article | on the 

Cape Cod Canal by William Barclay Parsons,+ M. Am. Soc. This pay 

‘Bives the deduction of Lévy’s equations and “makes a practical application 
to the Cape Cod Canal. Recognizing that the > frictional coefficient is 


not a constant quantity, “but varies slightly. in an inverse ratio with the 
Bs) velocity, Mr. Parsons proposes a frictional coefficient w hich, as a linear fume 


* “Lecons sur des Marten,” 
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§ tion of the mean velocity, will absorb the same total enerzy in the interval 
during which the velocity changes from zero to maximum. 
ritings of Bourdelles.— —In a remarkable series of memoirs,* M. Bourdelles, 
- Tnspeetor- Général des Ponts et Chaussées, has fully and clearly set forth the 
theory of the propagation of waves of in canals, ar and has pointed out 
closely ob observed facts confirm that theory. Bourdelles’ exposé of the theory 
is so clear and vigorous that ‘much | of what follows has been adapted 
his writings. However,  Bourdelles, as well as Lévy, was unable to explain 
4 satisfactorily certain anomalies of velocities observed at points where canals 
x A empty into tideless seas. In such eases, where + the observed velocities exceeded 
«the computed velocities, those authors explained the anomaly by attributing it 
=” - to the influence of flow due to surface slope i in the undulatory motion of the 
_ The writer advances the theory of a reflected negative ‘wave: to explain it, 
an idal . Rivers. —M. - Bonnet, Chief Engineer and Director of the Ponts et 
? Chaussées of Belgium, has made a most. valuable contribution+ to the theo- 
Pag ‘retical study of tidal rivers. He treats the propagation of the tidal wave 
asa “wave of translation continually modified by friction (which he evaluates). 
and by the shape of the bed. These causes which act to reduce the energy « of 
_ the wave give rise to a current directed down stream the volume of discharge of 
_ which represents at each instant the volume of water lost in a unit of time by 1 
- the portion of the wave which has passed i into the river. This he terms counter 
current. He also shows that the propagation of the wave of translation and 
the action of the counter-current permit an explanation of all the character. 


istics of the river tide. Bonnet’s method of showing how now the energy of of the 


wave is reduced by friction has been adopted in this paper, with necessary 


Waves of Translation in an ‘Infinitely Long 


nal.— —Assuming that the tidal wave enter ing a canal is a wave of translation, 

e is necessary to consider some of the properties of the ] latter. To do so intel- 
Heaney, the first step is to study the propagation of such a wave in a canal 
of constant depth and cross- section, but of infinite length. 

a3. 2 _ Suppose the water is ‘without motion at the moment of the introduction of 
en the first flux emitted by the tidal wave on the flood. In Fig. 1, which repre 


, sents a longitudinal profile of the canal, A B is the mouth with a mean depth, 
DA M, the horizontal level of the water in the canal : at low w vater ; and 


vi of the properties of the w wave of after a a time will 


be assumed as unity, this flux, propagating itself with a speed” of C=A AM, 

a have arrived at MN, introducing into the canal a volume, A am WN = 

OR h per unit of width, and in impressing ‘upon all the vertical filaments of 
= the canal a horizontal displacement of translation the velocity of which will 


be designated by v. This displacement - will have the effect of 1 moving the mole- 


i contributed the following articles published in Annales des” ‘Ponts et 
~~. Ohaussees : (1) “Etude du Regime de la Maree dans le Canal de Suez,” 1898, 3™¢ trimestre; 
(2) “Distribution des Vitesses Suivants la Verticale dans les Courants de Maree,” 1898, 4" 

_ trimestre; (3) “Etude du Regime de la Maree dans la Manche,” 1899, 3”¢ trimestre; and (4) 
a ‘Etude sur le Regime de la Maree dans les Estuaires et dans les Fleuves,” 1900, 2”¢ trimestre. 4 

+ “Contribution a l’Etude Théorique des Fleuves 4 Marée,” par L. Bonnet, Annales des 
Travaux Belgique, 1922, Fascicules 3, 4, +5, and 6, and 1923, Fascicules 1, 2, 
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cules of water of the section of the mouth, BA, to BA’, and of introducing p 


es 
into the canal a volume, Bad B =. v (D +h) Since this volume i is neces-_ 


equal to of the flux, Ch =v (D h),or, 


4 


ty 


Thus, a is fou tie of ‘displacement t 
mon to all the molecules and the speed of the undulatory ‘motion which causes av 


this displacement. - Furthermore (see Fig. LD: the velocity i is represented by the a 


cht line. A A’, since = The effect of the undulator oe 


‘motion thus becomes quite clear. ~The impetus is propagated successively to all | 


the vertical filaments of with | a rapidity equal to the 


to the total compression, to the’ of he 
flux, provokes an ‘equivalent supply of water through the ‘mouth. 


7 Fig. 1 also demonstrates that, for the same depth, D, the supply of water 


to o the canal and the horizontal displacements increase with the height of — 
the flux, The ‘same is true (the height of ‘the flux and mean 


is to ‘be noted finally that, in the infinitely y long canal, the first: flux 
will continue to be propagated during the entire period of the flood until the 
‘moment when the ebb, beginning to be formed at the mouth, will be opposed 
to the introduction of the necessary water for the supply of the flux. In spite = iM 
of this obstacle, it will be able, however, to continue its propagation to some 
‘degree; but then the action of friction will result in the gradual diminution _ - 
of of its height and its final extinguishment. 
ee is needless to add that all that. precedes i is also ‘applicable to the refluxes 

on ‘the ebb. The here is no difference except in the | lesser speed of the a 


tion and also in the mode of supplying the wave volume. This is effected 
- expelling water from the conal, creating a current which is — in direction — 


Friction has the effect of diminishing the height, the speed, and 


The first flux. will be entire flood tide, 
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FLOW OF WATER IN TIDAL CANALS [Papers. 
cur rent ‘created by the preceding fax; which will increase its normal speed by a 


"quantity equal to the velocity of that current. oR is the same for the other 


fluxes which follow, up to the moment of high water, so that the velocity | of 
the flood current will continue to increase in all parts of the canal during the 


awe Beginning with the moment when the tide begins to fall, the refluxes will” 


- travel from the mouth into the canal with “speeds and ‘velocities. almost equal” 


to those of the fluxes corresponding to the same height of the tide. W hen the 


fluxes: cease | to be propagated during the ebb , they will be ‘extinguished suc: 


cessiv rely by the corresponding refluxes, the. summation the effects of which 
accordingly be to evacuate to the sea, almost completely, a quantity” 
equivalent to the water introduced by the flood. The fluxes continue their 


propagation, however, when the length of the canal allows’ it, and they will 


nate, entirely from the action of the refluxes if the length of the « canal is 


infinite. ‘Under the hypothesis as defined, therefore, it is apparent | how a 
portion, , or even all, of the volume, introduced by the fluxes, may remain vin 
the canal after the end of the ebb, without being evacuated by the succeeding 
re uxes nen the surface of the canal becomes a succession o positive an 
waves translation, both being propagated the same direction. 
om ye The positive ‘waves leave each particle of water moved forward a distance 
dependent. upon volume of the wave, and each succeeding negative wave, 
rs is of equal volume, returns the particle to its original location. n. If for 
Mi any reason, such as increased frictional resistances, the negative wave ve should 
not equal the positive wave in volume, the particle will suffer a permanent 
a oa displacement in the direction of ‘propagation after the passage of ¢ each ch positive 


_ Friction—The sum of all friction losses in the water flowi wing in an open 
= flowi ing - under the influence of a surface slope or ‘under the 
impulse of the propagation of a wave of translation—may be reduced to the 


_ friction on | the sides and the bottom of the oanel, which is to say, on the wetted 


has resulted in in ‘the formulation of general laws as to friction 


losses. 
they i increase with the of the w alls; they as she: mean 
 inereases ; they increase nearly as the square of the velocity; and they are. 


* ja Iti is usually “assumed that the friction per unit of wetted surface may be 

A 

In this F will as a constant ‘for any ‘canal, will 


valde re maximum in height or summit of the wave to determine its ‘value at 


a . given point in the canal, and the remaining heights are ‘assumed to be fou d 


from maximum height by cosine curve. As this maximum height 
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"varies quite ‘slowly jose point to point under the influence of friction, the 
eorresponding maximum velocities do not vary rapidly. Accordingly, the 
value of the frictional coefficient varies slowly enough be considered as 
_ The influence of friction is manifestly of more importance. as the depth 
3 the channel becomes smaller. In a nar row strait, several hundred feet deep, 
it might be negligible, but in artificial the mo more prevalent tidal | 
| Effect of Friction ‘in Reducing “Height of Wave in an Infinitely j Long 
; Canal. a has been established experimentally that, in the case of a long flat 
; wave of translation, with little curvature (as in the case of a tidal wave of tr ‘ans- 
lation), the speed of propagation, may be found from the so- ~called Scott- 
Russell formula (Equation 1). The current velocity, v, be ed by, 


jap 


When the velocity of f propagation is ‘not very "great, and when only the 


7 interior frictional resistances of liquids | are considered as a a main cause, the 
resistance due to friction per unit to to F pv. igi 
KE} mo 


= 


= by dF’, is, 
he work, dF’, represents the loss of energy of the tidal wave per unit 7 


in the time, dt. Hence, 


dt > 


can shown from theoretical as that the energy 0 of 


ce of propagation in the channel, =C= V9 


7 


an 


Equation (20), substituting’ fo Equation (19) its 
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FLOW OF WATER IN TIDAL CANALS 2 
By integrating Equation (22), « an expression is obtained which shows how 


7 _ height of a wave of translation in a canal of infinite length and constant 


section is reduced from the effects of resistance as the ‘wave is propa-— 
Dt dH + 


As the expanded ie rapidly. convergent, all terms after the third 


Te 


2 log, Ay ots a constant. ...(25) 


q 


Equation (26) shows that the wave would be propagated an 


“long canal for an infinite distance; ‘that is, theoretically, the 


reducing» effect of friction Ww would cause the wave to disappear only at an 

infinite distance; but, ‘practically, it. would disappear within appreciably finite 
distances. _ Except for friction the wave would be propagated indefinitely at full — 

volume. vever, , the effect of friction is continually. to reduce the volume of 
7 the wave by a varying quantity per foot. _ Assuming fe for the moment that this 


Most water could be held at the point at which it was left behind by : a — 
—_— wave, it would appear upon the original canal surface as a thin wedge, 


thickest. the canal entrance, and diminishing to zero only at an infinite 
yy distance. _ Actually, of course, this water left behind by the wave in its travel 


- will tend to flow back to the source and add its volume to that of the succeeding : 
ate Xf Since waves of 1 translation may be either positive | or negative, a depression 

in the water surface may be propagated ¢ as a wave, ‘as well as an intumes-_ 
- cence, in which case the height of the wave, h, will have a negative value. "Since: 
oe Equation (26) is of general application, by giving proper positive and negative 


_values to curves will be found d which will be the loci of high 


ee wave ‘is greater for the negative. halt for the positive wave, since the depth 
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Required for Crest of Wave to Reach a Given Point. Rquation 
is written, —~= C= V9 fal nt HH), the rate of propagation to a given point i is 


found to depend on the height t of the wave which, due to the : action of friction, 


is variable. ee however, the values of @ are computed for given values of HE 
selected quite close together, the rate of propagation, C, may be assumed con- 
stant between these points, and a mean value for the points in question may be > 


assumed as correct without. appreciable error. This gives a new value, C’, for — 
the rate of f propagation | betw een two points, bee 


5 


+ 


al 


4 —GEOMETRIC Loct oF HIGH AND LOW WATER FOR TWo SIMULTANEOUS ous 


WAVES PROPAGATED IN A CANAL OF INFINITE LENGTH. 

— For the negative wave, of course the values of H in . Equation (28) “would 


* equations show that, considering friction, the rate of propagation, or 
speed, falls off as the the constantly tends to 
check its speed. Furthermore, , this effect ‘for the negative than 


¢ 
Tf, therefore, a series of successive waves s of translation, positive and nega- 


 e alternating, are being propagated in. the canal one would expect to find — 


positive tending to outrun the negative waves slightly, the 
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Energy —The a wave of translation,* or which it 


pes? do in being brought to a state of ‘rest, W would be constant were it not 4 
 Fetion; but while continually reduced by friction, the remaining energy y at 


any point of an indefinite canal consists of two equal parts, potential energy 
represented by the height of the intumescence above the mean level, cand 


Kinetic: energy as represented by the velocity of the mass of water. The 


for the energy of one unit of length of wave is — 


that for its kinetic energy is (D + ly The equality of the 


ki kinds of energ gy may be apparent by substituting in the latter 


i expression for its value from Equations (18) and (15). This equality ty of 
= may be upset, however, by ad cause which impresses a change upon 
either height or velocity of f the wave. 4. 


~The equality of these ‘manifestations of energy is, absolute 
in simple wave wave of translation not affected by another wave, 


“total ene energy displayed at any point will always be the sum of the e energies of 


as s potential email or as kinetic « energy, but the « conversion n of 01 one kind into 
the other follows definite laws and can be predicted and evaluated from the 
characteristics of the two simple w: waves affecting each other. _Manifestly, 
total energy of one wave is not that of another, the latter: 


changing the external character of beth: watts giving the a different 
For the energy of a | given simple 1 wave the sum of the potential and kinetic 


energy may be expressed algebraically a as 


4 channel w with the same phase. _ The total energy of the resultant, wave at this 


‘point can be neither more nor less than the sum of the “energies of the com- 


in will be noted that in Equation (30). ‘the total resulting depth of water 


+H is instead of + 1) or (D H “Tn compound 


q waves, total depth must always be used in ‘computing the respective 


of component waves: from their respective heights. ¢ to do so 

ae would involve an error in the > expression for | the total amount of kinetic. energy. o 
It will be interesting to s see whether ‘any change as between kinetic and 
Roane coer, has occurred in this superposition. . Assume, in accordance 
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the resultant wave is assumed to be a simple — of translation, its ‘equation — 


elg (Hy? + 2H, H, + He) + = pl (D+ H, + 

Subtracting Equation (31) from, Equation (30) to solve for and 


This result seems to be at “variance w ith th the “understanding previously 


expressed, that one “wave is ‘superposed u upon another ‘the resulting 

heights: and velocities are. equal to the sum of the respective heights and 

velocities of the component waves. In Equation (32) ‘if H, = : Hy and ail 


. which i is twice as great as the actual energy available i in the two waves. x Such © 


a result violates the principle of the conservation of energy and is manifestly 


incorrect. It invalidates the assumption that i in the case of superposed waves 


“the resultant height is the sum of the ‘component heights, and the resultant a 
velocity is is the sum | of the ‘component velocities. a: In other w words, the resultant — 


xt the two equations ex; expr essing the relations, 


+ H, + +H, 


-, consequently, 


2 2(D + H, +H) 

‘Subtracting Equation (34) from Equation (20), 


+ Hy)? + = (D+ H, + Hy (V, — V,)*. 5) 


t ‘is apparent ‘that if H, H then must V, — _= 


‘then must H, — - = in order that ‘the -prineiple of 


conservation of energy may ‘not violated. rom these results one 


ment to “the actual height of the resultant wave 


nergy the velocities of the waves, or vice versa. 
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- peels (athe —For two or more waves traveling - together in 2 conjunction, one be asst 
s-wave is formed, the height and velocity of which are equal to the square 
--- xoot of the sum of the squares of the respective component heights and 

oe —For waves traveling in opposite Sinica at the points of con- 
ei _ junction, if both waves are either positive or negative, the heights will — 

; et be. the sum of the heights of the component waves, and the ‘velocity 

will be the difference between the component velocities. | 


> a 8 .—If one wave is positive and one negative—that is, if the waves — 
are in opposition—the resultant height will be the difference between the 
component heights, and the resultant will be the sum of the con- 


Influence of Change of W idth.- —Consider next the effect upon the tidal 


of of an n abrupt change in the width of a canal. 
-, Let the ¢: canal, A B,in Fig. 3, with a a width, l, , suddenly beet narrower at B, = 


that its width is in the section, BO. It hy is the height of the generating 

wave at A and h, is its height as reduced by friction : at B, then the energy 

of the wave at B Ww vill be E = = =p gth,?. Due to the reduced width of BC, only a : Fi 


portion of. this energy can be j propagated into B C. Let the actual height of the dence, 

tide at B equal h; then this ener ey, E, = pg 


3.—PLan or CaNnaL SuppENLY CONTRACTED SECTION, 


a he energy w is-not transmitted past B will manifest itself in a reflected 
6 wave traveling back from B toward A, and will have the effect at B of raising 


algebr: 


- the water level at that point higher than it would have been had the width been 
constant, and it accounts for the difference between h, and 


Therefore, e, this reflected energy may b be expressed by ‘the formula, ] 
= -E,= hy = = p gl (h - —h 


If is than. i h will be greater for example, ifl,=0,h =2 hy 


If is greater than l, Ah will be less than for example, if =ah=0. 


4 
In the former case ‘the reflected energy is positive and causes an additional — 
rise in level between A and B, In the latter case, energy is abstracted from the 


 eanal, or the ed energy is negative, and causes a lowering of level betweett 
or THE INTERFERENCE oF Two OpposEp WAVES 


pe It is desirable to consider theoretically the results of superposing two tidal 


are e propagated opposite directions in a horizontal canal of 
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uniform section a 
be assumed, that ves a th 
and of the same that, "wlth ‘the velocities of 


“the currents which they generate are approximately in any y vertical 


the “resulting wave during the entire 
bet of its propagation. ginny as positive the heights of the two « com- 


ponent waves” above the mean level, i it will only be necessary to add them 


algebraically to obtain the corresponding heights of the resulting w: wave. gg ' 
wise, the distribution of the velocities 1 in the wave will be obtained by adding Ne 


algebraically the velocities of the component waves in the : same vertical. a 


in the direction of the propagation of the wave Ww vhich has the largest veal 
amplitude, are considered positive and those which have an opposite direction 


are negative. There’ are then three relative positions of the two 


‘First consider what happens in ‘such a case whe en are 


In Fig. 4, let A 2C02E be a “wave being propagated toward. £, 

F1014A be a “wave being propagated toward A. Since both waves are 
they will have equal le lengths, and there will be points s such as A, O, and E, at a 
which their points of zero elevation will arrive simultaneously. It is evident 

that these points v will be spaced at distances" apart: equal to ‘one-half a wave | 
length. — Half way between these points, and, consequently, distant from them ag 
by one- -quarter of a wave length, there will be points, B and D. 


‘maximum of each wave will arrive simultaneously. ait 


equal in iene, the sum of 

their heights at. A, CG, and E will ‘always be equal to zero; that is, the \ ‘wav P 

will interfere perfectly at those » points during the complete tidal period and 

- there will be no variation in level, while at the half- -way points the resultant 

wave: will have an. amplitude equal to the sum of their amplitudes, or to twice 
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their common On the other hand, at A, C,a d £, ‘the 


; velocities will add their values to ‘give a new velocity eel to twice that of a ; 


single wave, while at B and D the velocities will annul each other , being equal 


Then, the surface of the hypethetical anal, W hen subjected to the action of 


two equal and opposed | waves, will present the 2 appearance of being subdivided 


n 


decreasing to zero again. at C, and so on indefinitely. 


At the : ‘same the mass of water in the canal will flow from the 


- points, B and D, increasing in velocity in both directions from these poi: 


i as a starting place to a maximum at A, G, and £, but always decreasing to zero 


re again : at B and D 73 reversing this action | in the next half of the wave. a 


sil 


Points such as , A, C, and E are nodes, and B and D are summits.‘ There- 


as a result of the > interference of two opposed equal waves, there 


summits, | the surface variations being zero : 
and the greatest at the and the surface variations greatest and 


the velocities zero at the summits. 


This: state of affairs gives: rise te a resultant wave termed the stationary : 


wave or ‘ ‘chop.” — ” Tt is called stationary y beeause the wave form does not progress ; 

in the canal, but remains fixed in position, and it is always characterized by _ 

these peculiarities. Its special laws will be summarized later. 

a For waves of ‘unequal height in conjunction, the crests and the troughs is of a 
a> the two ‘component v waves will be found in the same vertical, the swells of the | : 
waves being in the same phase. Fig. 4. ) In this position, the vertical 

of the resultant wave is a maximum and is equal to the sum of 
While the waves are in . conjunction, the heights at A, C, and E oa be aE 
but just as soon as the ‘moment of conjunction | has passed, this will no > longer — 
be true as it was in the case when the two opposed waves were equal i in ampli- 
tude. “Fig. 5 shows the one hour conjunction. Since 


and Ei, and negative at tC. point zero elevation or mid- tide departs from 
‘the points, A, C, and E, as the instant of conjunction passes, and moves at 2 a 


ae varying | rate of speed toward the next point of zero elevation or mid- tide, 


arriving there. at the next instant of conjunction. Bole 
the instant of conjunction, the velocity at the points, A, C, and wi 

bez zero, or it will be slack water, while 2 at the points, B and D, half- -way between, 


aaah the tidal variation | is greatest, there will not be a slack in the ct current | 


as there w ould be if the two | opposed waves were equal. _ At these points there 


be, however, a velocity equal to the difference the velocities due 
component wave. 
cs junction the lines of desk water and of strength of tide also move from ‘their 


respective ‘initial positions, and progress at varying rates of speed toward the 
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OF WATER IN TID [Papers, De 
The second relative position of the waves it is to ‘notice, 
ca is that which corresponds to the coincidence, i in the. same vertical of the trough | ks | 
~ of one with the crest of the | other, the swells of the wave being i in n opposition in in th 
2 their phases (Fig. . 7). In this case, the amplitude of the resultant wave is a 7 Re liz 
minimum; ‘it is equal to. of the amplitudes of the e component “ty 
waves, being z zero for waves of equal heights. the | contrary, the velocities | or 
44 in the ¢ different portions of the wave are greatest and are equal to the sum of : in 
the corresponding velocities” the componen nt wav aves. This position | wi 


ceeds the preceding one after three hours, during w which each one of the waves — 


has progressed a distance equal to one- quarter of its length. ‘The nodes of equal : 
waves correspond to those points : at which ¢ the least varia atio on in height | occurs — 


JU 


Instead of a ‘stationary w ave, a new progressive wave is formed, which will - 


be | the « canal ina different manner from either component 


wave. This progressive wave will have } points of minimum heights correspond- 7 
ing to nodal points accompanied by maximum velocities, and points: of 


maximum heights corresponding to summits accompanied by minimum veloci- 


ties; but none of these heights or velocities | remains permanently at ‘zero, 


although their values pass through zero twice in each complete cycle. ie ea 


As the waves pass a point, such : as A (Fig. 4), _ after coinciding at mid- “tide, 
the point of mid-tide stage will move slowly from A toward C, accelerating ‘its 


we rate of motion until the point of opposition, B, is reached, the exact accelera- 


a tion being dependent on on the height of the minor Ww ave. Then, slowly losing its 
-_-velocity, it will arrive at Cc at the time of the next phase coincidence, the 


. average speed being equal | to that of the components. The point of zero 
velocity will also move in a like manner from B tow ard C. Hit 


Peo - ‘The length of the resultant wave is necessarily ‘equal to that of the com- | 
_ ponents, but the velocity of ‘Propagation or speed of the resultant wave is “Ae 
constant as ist that of the components. y ‘Thus, the summits of the three w aves, 


are in same vertical at the moment of their conjunction. 

wave - then out- distanced by that component which is propagated i in the same 


- direction; then it rejoins it at the moment of opposition at which the summit P 
of the three waves find themselves again in the same vertical. an Ge be a heel it 


i, _ Al other relative positions of the two component waves are intermediat 
between these two, both as to heights and as to velocities. | ‘Figs. | 5 and 6 ae 
- the positions of tw two unequal opposed waves for the two hours included in the 
interval: which separates the two positions already mentioned. Figs. 4, 5, 6, 
and 7 thus represent 1 the positions of the waves during the three successive — 


of their propagation. is easy to deduce from these curves the cireum- 
of their "superposition during the entire period of f their passage in the 


Amon ng all these circumstances, the one which ves the attention, 


“relates to to. the turn of ' the currents ; that is, to ) their change « of direction. It is 


located on on the vertical where the surfaces of the component “waves mee 


| Furthermore, when this point is found in that portion of the resultant w ave 
_ corresponding to the falling tide, the currents diverge or separate from | ‘that 
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point which ‘marks what is termed the “line of separation” of the currents, o 
“ine ¢ of ebb”. They approach or meet when the point of intersection n occurs on 

. that portion of the resultant wave corresponding to the: rising r tide, , marking the 


termed the line of meeting of the tide, or the “line of flood”. are 


_ The lines of separation or of meeting are equally spaced at a distance of 
one-half wave length. Upon these lines the currents turn; their 
 jnereases with the distarice from these lines, and it is a maximum at the vient 
aan In the resultant wave, 1 ‘a. ommeunts turn at half-tide at A, B, C, D, and z 
and ‘they reach their strength at the high and at the low water at the ae 
2 when the component waves are superposed at B and D and when in opposition — 7 
at A, C, and E (Figs. 4 and D . For all other points in the canal, the turns } of | 
the currents occur a greater or less time after half-tide, depending on the hour, a 
or the position of the component waves, and the strength of the current comes | 


e-quarter of the tidal period later. “When the waves are equal, the currents 


tum simultaneously throughout the entire canal. a 


a _ Therefore, if the water of the infinitely long canal is subjected to the action 
of two unequal and opposed 1 waves, its surface will present the appearance of 


z transmitting a wave having a direction and average speed equal to that of de 
major wave, but which will continually vary in speed and amplitude as it 


-_ progresses. Furthermore, its velocity in any given vertical will not be in direct 


proportion to the amplitude | at that point. . The phenomenon of the interference ; 


of two opposed waves, having the same » horizontal amplitude, the same speed of : 
propagation, and the same period, but of different vertical amplitude, lends 


Assuming that, at the instant = mie = 0, the two profiles of the waves a 
jnawe the origin of co-ordinates taken 1 upon the mean level, with the axis of x 
in that level, and. that they “correspond to conjunction of the two waves 


ihe: 


wie sin 2 z 


these L is ‘the length of each of the waves. their period; ond 
d below the mean level: The ordi- 


y= = H, sin 2 x (— + H, sin 2 
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then Equation (38) can be in the form: 4 


“? follows from Equation (40) that at every point the maximum amplitude © 
: of oscillation has a special value, , dependent upon the position of the point, and 
a that it is comprised between He+ H, and H, — Ay The maximum ampli- : 
is found at intervals equal to DL, and the minimum amplitude, 
_— at the middle point of these interv vals. Ata given point, the duration 
a complete oscillation is always equal Likewi ise, at a given 


the tc total length of ‘the undulation ‘is always, equal to L; its: mean of 


speed var varies with time. Differentiating Equation (39) : 


isa minimum fort = 0, t = T, etc., and a maximum for t = t= - , ete. 
“meeting points ¢ of the ‘component waves: and | the positions of the Tines 
of flux are found from the Y,; Whence, sin 27 
(42) shows that the are at wave apart. 
The speed of their displacement is given by the expression, ee * 


= 


H, +H, T 
w hich i is is minimum , and a maximum 


ing e uations are as s follows 
— As ‘the instant of conjunction, the velocities are annulled, or slack- -W 


4 prevails for the entire length of the canal, and the ‘amplitude of the resultant 
w ave is double that of the component waves. 
At the instant of opposition, , the velocities reach their maximum in 
ff that part of the canal where the mean level prevails. 7 - There is no change of 
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LOW OF WATER IN TIDA AL neers 


“General Remarks. —It must be recognized that theory, eve en if 


which 
41 
the regimen of the tide raises in 1 practice. The ideal ‘canal is “not found in 


_ Nature; waterways ; have a more or less i irreg rular bed, and almost always” they 
have a Tength | less than that of the tidal wave which traverses it. This latter oe 
fact alone has hitherto ‘sufficed to upset all theories, because the tidal wave _ 


cannot be propagated in them as has been assumed for an infinitely long canal. — 


In this hypothetic: al canal the w aves s always travel forward, without mutually 


‘disturbing each other; each one before and after its passage e finds and leaves 
ae any point in ‘its original 1 condition ; they t then disappear without leaving any a 
_ trace of their existence. It is not so when the length of the canal i is limited ; : 
in introducing itself the “wave ‘encounters the effects of preceding waves; the 
circumstances 0 of its propagation, consequently, are modified by reason of these 


. effects, which w vill be found - impossible to follow in all their consequences. 
complex and variable regimen results f from all this, according to circum- 
stances, ‘controlled by the length and char: acteristics of the bed, which it seems 
must forever escape satisfactory analysis. sued) 
On the other hand, by a consideration of | the theoretical canal, it is possible 7 

to treat some of the influences which affect the tidal w vave, and to forecast what 


general effect may be expected from variations of | length, width depth, and 


the material of the bed of the canal. _ By means of this study it is ; possible ‘to 7 
- determine relative if not absolute values of such effects. . It is in this spirit 


that the approached in the following pages. 
OPAGATION OF THE ‘TIDE IN A ComarunicatiNG WITH 


of Theory That Flow Caused by Surface Slope Accounts for 
‘Tidal F low. —Assume a horizontal canal of constant cross- -section | communi- a 7 


eating at one of its ends with the sea, and at the other 1 with a reservoir sufi- a 


- ciently large to be considered as ‘infinite ; that is, so large that its ' level remains 
constant. Let A Bin Fig. 8 be the mean level of the sea assumed ‘to be the 


same that of BC in the hypothetical reservoir, and Ap Ay the extreme 
: levels attained by the tide. Assume that, at a given instant, a "state of equi- 


ti ibrium of the entire liquid mass is established, the level of the sea being at A, 


and the surface water | horizontal for the entire length of the canal. 

Suppose. the level then rises to If it should remain immobile for a 


ciently long time at this point, a permanent motion 1 would be set up in the 


canal between A and B, defined | by the equations of constant uniform flow. — 

oa free surface ‘Biteebn’ these points would take the form of a curve tangent 

5 owever, things do not happen in this manner. The level is constant]; 


ariable and the permanent regimen, corresponding to. any such height | as 
never has time to become | established. Even the state of ‘equilibrium which oa 


Was assumed v when the level was as at A, at the height, B would never be 


a _ 8.—The positions of the lines of flux and of reflux remain invariable for the | : - 
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"PLOW OF WATER — TIDAL CANALS 
During the period when the level rises from A tow ard A. it reaches some 


height ye before the water entering tl through the e mouth can have filled com- 


pletely the triangle, AA i It rises relatively faster at . dian at any 
/— intermediate point Oe A and B, and the curve of level takes a concave’ 


form upward, such as that shown by the broken line in Fig. 8. re hk atone, 


Sara! 


Fig. 


eo. the other hand, » when the level falls from ys toward A, as it is continu: 


ally variable, it leaves” any position before the cor rresponding permanent state 


can become established in the canal, and the curve of level is then ceonves 
upward, as is shown by dotted lines. — ‘The convexity of this curve will be even 
greater than that which would correspond to a permanent regimen. high ae weeny 


oa bap The s same effects will be produced i in ‘the portion of the oscillation that takes 
place below the level of equilibri When the level 


comes to A, in falling, ‘the surface of tie Ww water in . the deiial is convex upward | 


a and,  aditbdibalthy it is concave when the level | passes through A, in rising. — ~The 
curves in broken lines then represent the eats during the flood , and those in 


dotted lines, the levels during the ebb. 


Under these conditions, dhewileiiio:. at each point of the canal will be nil | 


is because of reversal at the moment of | half- tide, when the level passes through — 


the m mean level; they will be a maximum, whether on the flood or the e ebb, at the 


‘moment the difference of level i is greatest. 


oe The phenomenon is in reality much less simple. than the preceding descrip- 


on might indicate. The tidal wave is not transmitted instantaneously i in the 


entire length of the canal, so that the high waters, the slack waters, and the 
low waters are not simultaneous in the entire stretch. ! They are successive 


- because of the retardation of the propagation of the wave. _ The speed of ‘this 
propagation itself is different from what - it would. be in a canal of constant 


If the evel of the sea is considered to be held motionless during 
sufficient time at a height, » Ay and the corresponding permanent regimen is. 
with a velocity of flow, U,, an undulation ‘créated at 


will be propagated toward B with a speed | greater by U,, approximately, 


han that which would correspond to the depth. . On the ole hand, i, the tidal 
wave entering into the canal possesses a certain energy which, except for the 


fic: 
losses due to friction, remains constant. Because the depth diminishes 


: A; toward B an increase of the velocities results from the constancy of this 


4 energy, wl which again has for : a consequence an increase of the : speed of propaga- — 
tion. For this reason, the speed of propagation of the wave and ‘the velocities 


af the water, will be greater in the following sections than they would be in a 
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a horizontal 1 canal with free surface and of the same depth as ‘this section; — 


q the difference will g go. on increasing as the | point, B, is approached. “(From the 


origin of the canal tow ard the point, A, this speed. of ‘the 
pana will have adjusted themselves with regard to local circumstances ‘aad 


to the depth corresponding t to the level, A To 


Influence of an an Infinitely Large Reservoir — —W hat influence is exerted upon 
_ the wave of translation Ly the intervention at a any point of an infinitely large 


_ reservoir? ‘This hypothetical | body « of water has been defined as one sufficiently 


large to be unaffected by the emptying of the volume of the tidal wave into it. 
Consequently, its s surface remains at a constant level, which is also” assumed 
rev 

be the mean level of the tidal sea and of the canal. 


:* Equation (20) shows that no matter what the er energy - per unit length of the 


Pi wave may square of i eig vary inverse e ws 
ag b th f ts h ht vill ly ith th idth f 


heading, “Tafuenee| of Change of Width” (see Fig. 3), that if the Ww ‘dth of the | 
canal is made very large, h will become very small. Since the r reservoir 'con- 
stitutes an infinite expansion in the width of the canal, 1 becomes very large, 


approaching infinity, and h becomes correspondingly | small, approaching : zero. , 
d 


Therefore, ‘the of translation, whether positive or negative, must d 
appear at the outlet of the canal into the reservoir. . Observation reveals that 


; Saat only does the 1 wave disappear at the outlet, but that the influence of ih 
reservoir in decreasing the height of the wave is reflected back for the entire | 
length of the canal, causing both heights and velocities at all ‘points: in the 


canal to differ from their theoretical values. 


¥ y Explanation. —To find an explanation of this phenomenon, it is desirable to oi 
revert. to the theory of the e propagation of the tide in a canal as being ni . 

“4 

a 


_ by a series of elementary ws waves of translation, or successive fluxes and  valiusie, 
le _ Neglecting friction, the first flux being created on the rising tide would 
"propagate. itself indefinitely without until it. reached the ‘reservoir, 

a where it must disappear. — The flux is propagated at a definite speed through the 


canal, and a certain period j is required t to elapse from the time it appears at ib 


entrance of the canal until it at the outlet. Why does not the ‘flux 


: "appearance? ‘The answer, course, is the or anterior | portion. of 
~ flux must successively overcome the friction of the banks and sy resistance or “a 
inertia. opposed to its ‘propagation by each’ ‘particle ‘of water in ‘the canal. 

i |The height and the form of the flux are moulded by these resistances The 


; - decrease of these resistances of inertia and the sudden cessation of all fesis- 5 


tance to the. flux upon entering into ) the reservoir permit a more rapid speed of 


* Propagation between the entrance and the outlet ; but even this more rapid — 
speed is never instantaneous, ‘and | a certain time would be required for the 
surface of the flux to acqu uire the slope it would assume if it were allowed time 
to establish the conditions of permanent flow. a 

pst ni Tt) 


given: velocity. of flow of the water in the to the intumescence. 


cessation of the forces of inertia the flux results in. ‘an 


ne 
nal 

ls 

 &§ 

rel 

ate - a 
vex 
ven 
kes 
evel | 
ard 
The 
ein 
> nil 

yugh 

; the 
Brip- 
the 

ssive 
this 
stant 
§ 
ed at 
ately, ff 

: 
tidal 

the — 

rom 
‘ae 
paga-— 
cities 


~FLOW OF" WATER IN TIDAL CANALS Papers. 


Now if if a piston that just fits: the cross- -section of the canal were ieee’. | at Z 


any point ‘and given a push in in a direction to increase the volume. already { flow- . 
ing under the influence of the flux, the effect of this applied | energy would be | 

oe ‘to generate a negative wave propagating itself i in ‘the direction n opposite to that | 
‘a the flux. ‘ This would be in addition to the positive » wave , propagated in 1 the 
sa ame direction, v which for the time being is neglected. 


‘Thee cessation of the resistances of of inertia at will have the 


flux at the outlet which is propag back canal 


‘The! height of the negative flux (or depression) at the ¢ outlet Ww ill be « exact! 


to that of the flux, that their sum shall be zero, , and the resultant 
velocities of the fluxes, in the same direction, will add their effects. 
Hence, the final velocity will be twice the ‘theoretical, w hich i is s the velocity that 


Ww ould correspond - to the computed height of the wi ave of translation for the 


point in question under the assumption of an infinitely, long canal. 


Source of ‘the Energy Generating the Negative F ‘lue.—The energy th the 
7 ave of translation is reduced only, by friction, and in the infinitely long ‘canal, 
> ee will « consist of equal parts” of potential energy represented by the height of 
s ‘the wave e and of kinetic energy as \s represented by the velocity of ‘the water. 


Under p proper conditions « one kind of energy i is convertible into the other; yet 


. wave, with no effect upon it, and the energ ey ae by velocity a the 
water is expended a at t the outlet in = the wi hirls, boils, and ¢ eddies that usually 
when flowing water is | brought. to ‘rest in still water. If ‘no change 
i occurred i in the flux until it it had reached the reservoir, _ one- -half its ener: ay, 


(kinetic), 1 would have been so expended. other half, “the | potential, must 
be converted into kinetic energy before | it can be dissipated in this manner, 
and» it is this energy being converted into. kinetic energ y—manifested by 


j increased velocities of the water—which the opposed negative flux. 


oe Resultant } Effect. —Each flux following th the first must be subject to the s same 
ees of disappearance in the reservoir , and must generate an “opposite 


negative flux. Hence, it follows that, as the complete wave of translation 1s 
being propagated tow ard the reservoir, ‘it is being ‘continually modified by § an 


la RY 
opposed “negative Ww wave propagated : from the 1 reservoir ‘toward the sca, and 
generated by the influence of the e Tes servoir ‘upon the original wave. 


similar. reasoning would show that the negative wave of translation 
‘—? ‘propagated from the sea | toward the reservoir, and which may be said to absorb 


* aaa from the water into which it is ‘propagated, will, when reaching the 


reservoir, cause an opposite ‘wave to be generated, there | which will 


toward the on o as 


infinite series of alternating positive and pepatives waves es being set ‘up. Each 


positive wave from the sea would generate a negative > from 
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December, 1980.1 FLOW oF WATER IN TIDAL CANALS: 
reservoir, and vice versa. Under the influence of friction, however, each 
» ‘succeeding wave would become smaller and smaller, | so that the series would = 
4 : finally die out, for ‘all practical purposes. The resultant profile of the canal 
my any instant would be the algebraic sum of all the wave heights at that 
instant, and the resultant velocity would be the sum of all the velocities. y 


. Formula for the Variation of the Tide ata a Given Point.— —At a a given point * 


wave, will be a sinusoidal law, and its ‘trace 


Each point of the canal will have a different set of values for H and ¢,. 


Ii is | likewise manifest that values of He and the same will 


, for the propagation of a wave the reservoir ‘the sea, the 
same formulas can be be > used to compute te the ' variation of the reflected wave from 
_— reservoir to the sea, the proper constants being ene in the oe 
7 Let ty be the time sini for the positive wave to be transmitted from the 
‘sea to the reservoir, and ¢, the time required | for the reflected negative wave to _ 
; be transmitted to the point represented by a a given n set et of values of H ‘and .. 
c (the factor, — — H’, being the corresponding value of the height of the reflected 


vually at that point), the following is the equation of the Variation of the | 
suall ‘reflected w: wave at the same point: pai exit 


Ac \ding Equations (44) ) and the actual height, h, of the tide at the 
selected | point at the time, me, t, is, at 9) 


This s equation may be written in the shorter form, 


cos 2 z 47) 


rest 


Tsin2 2 — — H’sin2«z th 


t will observed that is that value of h will be a m a maximum. 


therefore, represents the time required for the resultant wave to propa- 
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Lf Iti is from: the preceding that for any number of waves that 
D aay be considered, a general expression for the resultant wave may be written 


upg ‘When any two waves s simultaneously af affect the same point and their heights 


are additive because they have the same 1e sign, the resultant velocity must be 


the difference between. the component velocities. general formula, similar 
to Equation (49), may | be written for the resultant velocity at the same pent, 
“ 


in Ve Vy ete., are directly from the values of 


Ay Ay etc., by means of the equation, 


“the value of h being that given by Equation (49). siti ‘ini 


Equation (49) may be made to -Tepresent conditions at the outlet of the 


anal into ‘the reservoir by follows: —H,; 


=— —H,; Hy = ty; ‘3 and 1 = Likewise, Equa- 


4 tion (50) may be. written so a to — pipes at the same point by 
q substituting =— = =—Vay At the sea 
the canal, = B, H, = H, = —H ; Hy = : —H, t, 

_= Vs = —V Ve = = ; and 


| 


wt Ina similar manner Equations (49) and (50) may be applied to all other 


points in a tidal canal « opening into a tideless reservoir by changing signs 
alternate (second, fourth, sixth, etc. quantities. Thus, in 1 Equation (49), 


change the sign from plus to minus in alternate ‘quantities, in | which n is even. 
Conversely, under the same circumstances change the sign from minus to plus 


To determine the values of ¢ for Ww hich these values h and are 


na maxima, differentiate the equations with reference to t, place the first differen- : 
tial ‘equal to zero, and | solve for ‘the value of which will be. 
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4 
H, cos 2 3 COS + H,cos22 


equals, 


V, sin 22 - V, sin 2 — V. sin 2 — V.. sin 2 


cos 2 x cos 2 x  — V, co cos 2 cos 2 

fs i is quite evident that the value of tm for heights i is s not the sa same as that 


with the time 0 of maximum or of heights. 
After —V,,_, has been substituted for in Equation (50) it is to 


n- 


evaluate the frictional coefficient, F, in an easy ‘and rapid manner. “Combining 


= 


cos 


in which, V > equals the m: maximum value of V occurring when ¢ t= 


value of v, * iol be measured readily a at the outlet by : any of the usual methods _ 

Bs determining | the maximum mean velocity, and this value when det 

enables: H, to be found from ‘Equation | (56). ‘Then when is substituted in 
Equation ‘(26), in which all factors except will be known, the 

q coefiicient for the particular case will be given. A Bonnet found this value to be 7 


9.48 for the Scheldt River (0. 51 English nok. < The writer has found 
3. 05 (or 0.60 English measure) to be the t usual value for canals of 6 to 12 ft. in 
bpd while Bonnet’s value a} appears to ) apply to larger ca’ canals, : such as the Cape . 


“Since the direct and reflected waves at outlet have all their ordinat tes 
“exactly equal. and of opposite ‘sign, thus” completely annulling each other, = 


itis apparent that they are it in opposition at that point, and that the time 
maximum velocity corresponds to the time when ‘the maximum ordinates 
are in in opposition. The instant of this « occurrence, therefore, measured - from 


the time when the wave entered into the canal at its mouth, gives the time, 
4 » consumed. by the wave in propagating itself from the mouth to the outlet, 
and this time can also be determined by observation. 
ee Equation (50) ‘change’ ‘the : signs of the alternate second i, 1 fourth, sixth, 
qua tities from negative to positive and ‘o 


ah 
(53) 
| 
it, 
it 
‘ 
50) 
= 
| (REN 
| 
dv. 4 
qua-— 
t+ by 
| 
‘ance 
‘ua — 
other 
even. 
&§ 
oplus 
ith 
Vv are q 
fferen: 
vill be 
— 


— 


OF WATER IN TIDAL CANALS 


result ad add with | the signs of alternate second, fourth, sixth, 


quantities s changed from to negative. The resulting equation, 


unsatis 
betwee 
can be 


may | 


translation which alone would give rise to it will be 


+h, =2 > cos 2 x (—- 


Equation (58) is general, and will be true for any moment, at any point tidal v 


“on the the | canal. ‘The conclusion is drawn from it that in a uniform canal acres, 
eee with a tidal sea at one end, and with a tideless basin at the change 


other, the actual height of the water in the canal at any instant plus a 


height equivalent to the velocity of the water at the “same instant will be 

Id 


equal to double the height of the original wave of translation as it wou “a 


have been transmitted at the same instant in canal infinite length; § 
that. is, in the hy :ypothetical canal a as defined in this paper. 


led 
and added to Equa- 


sation 


Feet 


Equation (59), Noh equals a which would be to the 


height, h, in an infinitely « canal the same dimensions. Denoting 
this quantity by 7 


Geometri 
Tides at L 


Gauge Height 


‘the sum will be to twice ‘the velocity which wave Bit coulc 
have ta at that instant | in the hypothetical canal. the 


comple 


Bourde 
5 
‘water above or below ‘the height for the profiles 


by an increase in velocity, or vice versa, that we total 
mA amount of energy manifested i is the same in any case. eq 


ecemb 
transla 
The 
EF 
— 
| 
— 
= 
— 
— 
att’ any added to the velocity which would accompany—in an he Lév 
7 
pal 
— 
for the ratio } d v, as in the case of the simple wave ol 
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from the pertaining to the simple | wave pore 
putation of the tidal characteristics of any given point in a tidal canal quite a 


unsatisfactory. is now proposed to ‘show that. a satisfactory agreement 
between observed tidal phenomena and the computed values of such phenomena 4 


can be reached, and that the computation in any 7 case can be made sufficiently 


close to enable all tidal phenomena in canals of fairly uniform size to i? 


Apput ATI THEO 1E Suez Ca 


‘That ; section of the Suez Canal between the Red Sea and. te Bitter aie 
is an example of the type of canal under consideration. . It is 26 km. (16 miles) _ 7 


long, and has an | average semi- -amplitude- of tide of 2.24 ft. at the Suez 
entrance. The amplitude | gradually diminishes until at the Bitter Lakes all 
‘tidal variation disappears. ‘The Bitter Lakes have an area of about 48 500 


acres, which is large enough to receive the tidal flow without appreciable 


Ebb Tide in the Red Sea -..---|- Flood Tide in the Red Sea 
Geometrical Locus of Spring Tides at 
af. ,| Retardation of High Tide in the Red Sea Ck 2 
i 4 Compared with High Tide in = 
Geometrical Locus of Neap Suez Canal 
Tides at High Water 36° 


Mean Level, Elev. 
ft. 
26) 


(1821) 


Geometrical Locus Of Neap 
Tides at Low Water 
m Eis 

Retakdation of Low Tide in the Red Sea 

Compared with Tide In 


Geometrical Locus of Spring 
Sul Suez Canal 42 at Water (17,81) 


in Feet 


Gauge Hei 


Entrance 
to Canal 


—— Station Distances i 
S tances in in Miley 


is 9.—GRAPHICAL REPRESENTATION OF THE MEAN INSTANTANEOUS PROFILES OF THE SUEZ 


_ CANAL BETWEEN THE ‘SEA AND THE BITTER THIRD QUARTER OF 1898. 


& _ Lévy tested his theory* by comparison with observations on the Suez eal 
“He found that while it could account for the observed heights of the tide, 
it could not account for the observed velocities, particularly those at the outlet — : 


of the comal into the Bitter ‘Lakes. _ This canal was also the subject of rather 

complete tidal observations, some of the “results ‘of which are given 

Bourdellest i in an idealized graphical representation. of the mean ‘instantaneous 


profiles of the canal between the Red Sea and the Bitter Lakes (Fig. 9). 


*“Lecons sur la Théorie des Marées,” par Maurice Lévy, Gauthier- Villars, 1898. 
wii + “Etude sur le Régime de la Marée dans le Canal de Suez,” Annales des Ponts et “) 
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te! his memoir, Bourdelles ‘directed attention to the failure of any pre- 


— theory to deceit for the high velocities at the outlet where all existing 


a theories called for the disappearance of the velocity when the height of the 
_ wave vanished. He found a satisfactory agreement with theory for velocity 


near the Suez end, but the discrepancies increased toward ‘the lake end. — To 


: explain this, he was forced to resort to the theory that the excess velocity over 
_ that caused by the height of wave ‘must t be « due to a flow under the influence 


_ of the surface slope of the wave, but no proof of such flow could b be adduced. 


reflected wave theory, the computed velocities agree quite well 


- with: the observed velocities, and the computed | heights are almost identical with 


4 those given by Bourdelles. Unfortunately, Bourdelles ; gives very little informa- 


the 
; tion as to velocities, simply naming the maximum > velocities observed at 
_ certain points without giving the amplitude of the tide at the Suez ‘Station 


that the velocities which he Bien: give were generated | during an average tide 
F ‘such as he indicates upon his profiles, and the comparisons are based “upon 


Coefficient of Friction. —The channel | of the Suez Canal is not of uh ebitendh 


\ ebhaielh at the point where it enters the Bitter Lakes; it widens gradually. This . 
results i in a _ corresponding gradual decrease in velocity, which makes it some- 


what « difficult: to obtain the frictional coefficient by the v use e of Equation (56). 


observed value of at the mouth where all tidal v: variation ceases would 
not represent the of H, and, consequently, of data were 


available | as to the exact amount. of widening that occurs at 


the tidal period which gave rise to those velocities. It is assured 


approximate value of could be obtained. 


actual area of section here ‘widened to, 8 say, 7, B00 sq. as 


“4 to B04 | sq. m. given nm for the standard section 1A, V, =A4,V, = 500 X 0.50 =] 


x Vo or = 0. 82 Bec. (2.6 69 ft. sec. which gives a of 


als: A more satisfactory determination of the frictional coefficient can be made 
by going back into the channel to a point where the uniform | width 1. and depth J 


are still maintained. | For example, at Station 1 11 in Fig. 9, the t tide and 


ay 
wy velocity of the current are both given. In this case it is | necessary - to proceed 


ina somewhat different manner , since the heights of the direct and reflected ; 

i: i waves will not be equal at this point | like they are at the outlet. ‘Iti is now WV neces 

sary to make use of Equation (57). In that equation, for t; v ist 


not the maximum velocity i in this ¢ case, but the velocity at high water, _ obser ved 


ie At the time of, the observations, the canal was: 22. m. (72 ft.) wide on the§ 


with ‘side “slopes: of a1 on The depth was 8 (26 ft.) below the 


datum plane of mean tide, which was at an elevation of +-18.26 m. (59. 73 ‘ft.). 
‘The following, therefore, are. the basic data on which the computations are] 


— Ai 
a 
“a 
— and vel 
Ast, 
of obser 
| | 
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Suez, 
— 
4 
Subs 
— 
— 
D = 
— 
™ 
close agi 
which B 
1000423 
equ 
able 1 
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Metric 
units 


_square meters and square feet. 


, in meters 
-Semi- of the tide at Suez, in meters 


Reduced depth, 5a? in meters and 


For Chalouf, Bourdelles gives the following 04 
ond velocity, 0. 80 m. per sec. (2. 62 ft. per sec.). 


of observation under of an long canal, 


“The term, ty, i is at which high at the point of 
“Maa which is given by Bourdelles as occurring é 36 min. later than me ss 


Bnes, oF about 30 min. Tater than ‘at the canal entrance, making tm — = 


13 gives the 2 an 


ref 


0.4023. 


4 


=2 Hy 6° qv; whence, 
‘Substituting dais val lue in Equation (26), i in which, ‘A, 0.69, 


and D = 5.63; 8.2439 = F= = 2.4816. 


est of 


s _ The value of F as given by Bonnet for the Scheldt. River i is 2. 4802. ‘The 


which Bourdelles’ re base Table the value of - 


: 


a the tide for those pv 
an 
(Table 1) the equation for the positive wave is: 
0. 159 cos 2 
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ONS FOR GENERAL Equations 


PROPAGA- 
_ TION, IN 
METERS PER 


e distance. 


Cumulative time 


lativ 
D+A, in 


in seconds. | 
quivalent phas 


in meters. 


“> 
mu 
lime of propagation, 


Cu 


= 


seconds. 


= 2.4686 
-94 


1354|~ 
1.9575 


| 
19 446 
+1 .4236|-+-0.0126} —10.8032) 1-78 3¢ 671). 
+1.2456|-+-0 .0097 —12.7672 


667| 3 190) 2: 
207] 8 307 


95.8724! 3.6668 
—0.4835|+0-0015] —26.8899| 0.9675 


4 


| 


! 


10 398 


As this wave is very small, | 
reflection. 


t= 
+0.650 5.7543 "4 6602 1.2526 = 8 858]. 77595 692 1 188) 
— 7.9864 8 432} 11 785]....!. 632317.6738| 652 
51 “496| 6 794) 54-70 
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ABLE 2 COMPUTATIONS FOR DETERMINING THE GENERAL Equations 


=| 


 D-+h, in meters. 


me, 
4 


METERS PER 
SECOND. 


mulative ti 


ig 


3 
in seconds. 
in degrees. 


9 


degrees. 
i 


in meters. 


— 


Equivalent phase, 


Cumulative distance, | 


‘Time of 


At stat 


| 5) 5.59/7. 680] 3 27.73 
+-0.0058) —18. 8 061| 26 102 |5.63/7. 208] 3 601) 29.40 


.270 | —17. .9609) 


710} 5 199 
693) 5 892 


5339 -0018 8 9 488] 45 669 
48 111 
7 -001: 6 481 52 150 


9914|—0. 4378 -0012| - 
28 .3217|—0.4271 -0011 —28. 


~o. 3559|++0. 0008 


693) 9 205 
a 9 915 


680/10 595 


cee 208|11 


693) 18 094|107. 06 
756 | 13 850)113.14 
554| |i 404)117.¢ 


_ *A ais the distance between stations corresponding to selected valuesofH. = © 
bie, These figures are the means of those in the preceding column. th. 


rs R118 
— — 
i = 
a 
4 
0.690 | — — 7.375010. | of 
0.650 — — 8.0344) 0.6594 | 1 655 : 
3.99 —).600 | — — 8.9300] 0.8956 | 2118] 3668 
—0.550 | — 7.9864)/—1.9575 +0.0239| — 9.9200) 0.9900 | 2 385] 6 GOB 
9.56 —0.500 | — —11-0182| 1.0982 | 2 591) 8 594 — 
14.81 0.450 | —10.6659|—1.6015/-+0.0160) —12.2514| 1.2332 | 2 909) 11 503 
20.31 —0.400 | —12.2394 —13.6504) 1.3990 | 3 300) 14 803 
0-850 | 14.0225) —1.2456 10.0097) —15.2584) 1.6080 | 3 793) 18 596 
0.840 19 446 710] 2 718] 22.96 
0.270 —17.4755 —0 
od 
) 27 BAF 208] 3 809) 81.08 : 
34.39 +0.0049] —17.6129] 1.1041 | 2 604] 28 706 
89.89 +0.0032| —20.7820} 8.1691 | 7 475] 36 181 
37 740 42.68 
40.128 | — 27.991 7 200] 58:80 
-120 | 0. 754) 52 904 | 
0.100 | —80.7571 --81-1122} 2.3645 | 5 577| 58 481 — 
—0.085 | —83.2289] 2.1167 | 4 993] 63 474 
20.070 —35.7700] 2.5411 | 5 994] 69 468 
—0.060 | —87.5805 —0-2135|-+0.0003| —37.7987| 2.0287 | 4 768] 74 231 
| 80. 0506684] 86.52 
—0.058 | 39°3870 8.200 
3] 88.72 -040 |. 


OW OF WATER IN TIDAL 
ad for th e ne i ve (Table e 2). 
0.595 cos 2 m { —~—} + 0.14 cos 2 x 
260, the equation for the wave j is? 


3 


— 0. cos 2 


o 
> 


> 


— 0.487 cos 2 z + 0.166 cos 2 x 


ssformed—by the methods described 
Each one gives, 


> 


a ‘if 


= 


For Station 3889, positive 


+ 0.456 00s 2 x 


er Second 


0.4073 cos 
By giving Proper values to 4, instantaneous profiles may be constructed as 


own in Fig. 10. Similar equations for velocity at the same stations may y be 
- found from the Equations (61) to | (64) as explained for Equation (49), and 


those instantaneous velocity « curves may be as shown in 


ty in Feet p 


Veloci 


—Bourdelles’ curves are based on a symmetry between 


end negative wave eurves.* ‘Under any known. theory of wave propaga- 
tion complete : symmetry can exist only when the height of the wave is s negligible 
% with respect to the depth, which i is not the case in the present instance. Ati is 


: 
rs, 
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| 
| 
wt 
wy | 
= & é ' = — 
These 
directly, the maximum v aie tite fOr tie 
= = =686©—)—- to be propagated from the entrance to the point being considered, that is, the — the 
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— 
(67) 4 
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4, 
* “Etude sur le Régime de la Marée dans le Canal de Suez,” Annales des Ponts et 
id| 
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INSTANTANEOUS, ‘PROFILES COMPUTED FOR SUEZ CANAL. 


| ee symmetry between positive and negative v waves in making tidal predictions 


by introducing a “shallow-water” component into > computations.* 


new ‘theory automatically allows for the shallow- water component when 


‘separate computation is inade for the negative wave. 
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| STATIONS ON THE CANAL, AND Hricurs. 


889 


Velocities. —It i is in the matter of velocities that the new theory : shows its 
superiority over the previous theories. Both Lévy and Bourdelles were com-— 


_ pelled to confess the failure of any theory of tidal | propagation. toe explain ‘the 
discrepancies noted between observed velocities. These 


_ erepancies were small at the Suez end o the ‘canal, but they increased in 
magnitude until at the end at the ‘Lakes there 
ment. The velocities a at all points in the canal, as | computed by the new theory, . 
= in satisfactory agreement with those. observed, and it fully explains the | 
h ound at et into the |: (See Fig. 

‘Table 4 shows | a 2 comparison between observed and computed velocities, nd 

ABLE 4. t—Couranisox Burwesx Compuren AND OBSERVED 


High rn 
Low water 
Low water 
Low water : 


Low water 
High water 
Low water | 
Low water 


: _ * Tf allowance is made for the widening of the canal to 500 m. at this station, this we becomes +e 


Retardations—Bourdelles ‘reports the speed of the tidal wave as pling. 
practically ¢ constant, and hence the retardation of the tide at any point is 3 shown ‘ 
as being ‘substantially proportional to its distance from the Suez z end. He 


admits some in | regard to the determination of the 1 times of 
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which consisted only i in readings upon graduated se ales”. “The theory a the 
4 interference of waves as explained herein under the heading, “Theory of the © 


Interference of Two Opposed Waves” requires that the speed of the pater 


% wave shall be variable, and not constant, although it will be constant, for a 
3 distance of one wave length. The retardations as computed by the new theory 


are not markedly different from those given by Bourdelles; yet they « conform 


| 


the ‘States about 1910. In 1911, some observationst were made of 


Fig. 12. —INSTANTANE ous. PROF ILES AS COMPUT FOR THE ‘Wats 

the action of ‘the tidal currents in this canal 1 o determine _wheth 

‘a were prospects of. the currents attaining velocities such as to hinder naviga- 


tion, and to require the installation of guard locks. 


“Btude sur le Régime de la Marée le Canal de Annales des 


Ponts et Chaussees, 3me trimestre, 
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1912, Vol. 4,p.216 


Core Creek at the southern end; the artificial canal ; and 


uit 


non-tidal Adams Creek at the northern end. dimensions of the canal 


iy 
were 90 ft. wide on the bottom, with side slopes of 1 on 2, and 10 ft. ‘deep q 


referred to mean Le in ‘Beaufort Harbor, near- by. The mean level 
- of Adams Creek was 1.4 ft. referred to the same datum. — The portion of the 


i _ The mean amplitude of the tide was found to be about 2.6 ft. at the mouth — "i 


- practically disappeared at Hooker’s Landing at the head of Adams Creek. if 


7 | 3 of Core Creek; ; thence it gradually decreased until all tidal variation of level | 
tidal were mildest at the mouth of Core. Creek 


and velocities this canal have been under the 


theory, as shown in Figs. 12 and 13, ‘respectively. These 1 may be compared with 
- similar curves: of observed data spac by the e Corps of Engineers, U. 8. Army. 


Flood Tide 
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pad Fia. 13.—INSTANTANEOUS VELOCITIES AS COMPUTED FOR THE WATERWAY FROM 


34 


thus increasing the tidal velocities 


n level has been taken into ‘account in the curves. = in Figs, 


re 
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averag 
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Or WATER IN TIDAL CANALS 
The Rehoboth = is now proposed to test the 

a a ‘more complex example. i The Inland Waterway between Rehoboth Bay and 
: Delaware Bay, Delaware, is a tidal canal situated in the southeasterly | portion of ve 
Sussex County, Delaware. It extends, for a distance of 12 miles, northward 

from: Rehoboth | Bay, through the highlands. west of the Town of Rehoboth ; 3 

thence through the marshes back of Cape Henlopen to ‘Lewes River, r, a small 

_ tidal creek; and thence it follows this creek to Broadkill River at a point 


near the mouth of that stream, ‘through which it empties into Delaware Bay 


= 


5 miles fr from Cape Henlopen. baby? ent 
pat This canal was constructed by the United States about | 1913, under a 
_ project which provides for a waterway 6 ft. deep at mean low 1 water, 50 ft. . 


wide through Lewes River and the _marshes, and 40 ft. wide v where it passes 


Rehoboth Bay and Indian River Bay are two “drowned” valleys” which 
formerly communicated with the Atlantic Ocean through an inlet. oe: 
closed and the two bays : are ‘completely “separated fr 
except by the Rehoboth Canal on the north and the Assowoman Canal on 
| the south. The two ‘bays, which are o: of about equal size, and which have a 
combined area of about 20 ‘sq. miles, are partly separated from each other by ey 
My a series of islands known as Burton’s Islands, the connecting channels between _ 
4 the islands being locally known as the “Ditches”. — Those portions of the bays | 
to the littoral cordon are > shoal, but the depth of the two 


se 


‘i ft. deep and from 40 to 50 ft. wide. ee connects Chincoteague Bay, ee 
with Indian River Bay by. way of -Sinepuxent Bay, Maxyland. 
The surface level of Rehoboth. and Indian River Bays is now quite con- 
stant; it is affected very little by anything but the wind, Tidal flow reaches 
through the Rehoboth Canal, ‘but has no ‘apparent effect « on their 
level. 1. The current it through the Assowoman Canal is not tidal, ‘although the 


normal outflowing ¢ current occasionally be reversed direction by the 
ir 


The canal is naturally divided | into two parts differing i in char- 
acteristics. _ ‘The x northerly portion, 23 663 ft. long, has ¢ an average width of 
water surface at mean sea level of 100 Bes and an average ‘sectional area of 
4. ft., making the reduced dey pth 9 ft. This y por tion of the canal comprises the 
of the former Lewes | Creek, a heading up near Cape Henlopen. 


‘The canal bed narrows: to a width of 80 ft. at Lewes, but maintains | about Z 


the same e depth. From ¢ the end of this ‘section 3 000 ft. east of Lewes an arti- 


Second 


Feet per 


cut n average width 0 on the: surface 78 ‘ft. 

« -eross-section at mean tide of 548 sq. or a reduced depth of Ft 

is Fm: the artificial cut, the propagation is regular, and in accordance with 
The height of the wave gradually ‘decreases until it disappears in 
Rehoboth Bay, while the tidal velocities retain higher values - than a direct 


to the tide. surface heights and velocities conform 
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tay Inv view the difference i in 1 depth area 2 of the two of the 


; as just 1 mentioned, the tidal wave cannot be expected to be propagated through 
_ the aang of the canal as simply as it would if both depth and cross- 


4, sections were constant for the entire ‘distance. At the point of. junction of | 


- - must be expected. This reflected wave, “aide with the original wave, may 


“aa be expected to cause higher levels and smaller velocities in that portion of the 


a canal near Lewes than would have occurred ‘normally. " Furthermore, the con- 
ty striction of the channel at Lewes must generate a villéited ‘positive wave, and 


the division of the wave at the junction point suuat generate a a reflected nega 
tive wave. to 
effect near Lewes than near Broadkill, and to exert that ‘effect at 
instant The writer’s observations amply confirm: this expectation. “Fig. 14 
shows ; curves of instantaneous heights as given by hourly gauge readings made 
in 1 August, 1925. These curves reveal clearly the large gauge heights and the 


advanced phases of the tide at Lewes resulting from this change of section. st 
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‘Fic. 14. —INSTANTANEOUS PROFILES IN THE LEWES-REHOBOTH CANAL, 

To find the resultant wave in this portion of the canal, “frat compute the 


direct wave, the positive reflected wave coming from the constriction at Lewes, 


et 


the positive retiected wave from the head of the old creek, and the negative 


_ reflected wave from the junction with the artificial cut. A summation of these 


uirements of the the 
di 
i 
4 
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eal 
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+06 | cor 
| Boas 
/:posi 
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then be determined for substitution in ‘Equation 28): Hy 
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waves will give tidal characteristics of the Lewes River The 

4 remaining portion of the canal can be treated as being affected solely by the © 
direct positive and the reflected negative 
-The tidal of the remainder 
of the canal 1 may be determined by using the tidal curve at the junction as: as a “i a 


|: : _ Observations made in Augus st, 1925, , disclosed a salted ‘mean velocity of bind 


141 ft. ‘per sec. at and a tidal amplitude of 2.8 ft. at the junetion. 


Therefore, H, =—x1 = 0.33 ft., and the following values 


= 14 ft. 5 


i value, 0.0008787 7, from: which, F is found to “have the 0 value, 0.5 5883. With a 
this value of F in Equation (26), the height, at any point, x, along the 
E canal may be found for both direct and reflected waves. _ Since the values of aa 
and p are, respectively, and 105 ‘ft. for the River Section, the 


The heights each wave at pelected points, as well as the times of 


may be computed as illustrated in Tables 1 and 2, and from 


these the phase angles are found. The general equations are then written or 
each point in a a manner similar to the use made of Tables 1 and 2. — 


‘Fig. 13 isa graphical comparison between observed and instan- 


on Mean Level. —Attention has been called to the lack of symmetry between — 


in Feet 


ni 


geometric loci of high and low waters. “mean canal level” is 
asa point: midway between mean high water and mean low water at any point, = 


‘it is quite evident that the locus of mean canal level so defined will not coincide 


- with mean sea level which is the plane of reference. Tangent to mean sea 


~ level at the mouth, the locus of mean canal level will ‘gradually ascend, and x 


vill be higher bnchs ‘ibis on: level at the outlet in the reservoir, provided the wee 


reservoir can adapt. itself to this condition. If not of unlimited capacity, it will Ff. os 


‘i If the reservoir surface should be below mean canal level at the outlet, the 


direct negative wave cannot return to the sea all the water brought i in by the — 


positive wave and an volume will remain in the reservoir; this excess 4 


must eventually bring it to the critical level. . If the reservoir surface is ie: 


_ above the mean canal level, the negative wave | will return more water to the 


sea than was brought i in by the positive wave, and eventually this must hae N 
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Paws _ effected, then the locus of mean canal level will incline downward from a point —iZ™ 
co a _ of maximum height and will become tangent to the reservoir level at the outlet. . 
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mentioned. ‘Such a “condition has been noted 


A fresh-w: ater into a comparatively small as those under 

will tend to raise the mean level above mean sea level. 
The m mean level of Rehoboth Bay i is 0.55 ft. hi higher than mean sea level and 

the mean level of the canal rises 2s gradually from one > end to ‘0 the other. r. This is 

: ‘* difference of level is to be attributed to the two causes just mentioned. |“ Suf- 

veg 4 ficient data do not exist upon which to determine th the portions: of ' this difference 

"attributable to each cause. Measurements made at the jetties show a flood « dis- 
charge of 11 070090 cu. ft. ‘per tide, and an ebb discharge of 12 230 

: per tide, a difference of 1160 240 | cu. ft. per tide, which represents a part of the 
fresh- water drainage into the basin. Proper corrections must be made to all 
__ gomputed values of tidal variation and tidal -yelocities in order to allow : for the 


canal slope and fresh-water discharge. These corrections are made the 


curves of instantaneous heights and velocities. 


si - Comparison of Computed and Observed Data.— A series of tidal observa- 
a was taken upon | the Rehoboth Canal at six selected stations ‘during 
August, 1 1925, and gaugings were made at two stations near the respective ends 
“of the canal. The height of the tide was read every 15 min. on a staff gauge at 
4 each : station, , the zero of which - Ww as established at the level of mean n low w water 
for Delaware Breakwater. "These readings were cused d to determine mean sea 
evel, mean range e of tide, and mean high and mean low waters at each station. om 

Reduction of Observations. following method was used to check these 
determinations, and to give in addition time of propagation the > tide from 

If the time of making any a staff gauge is and the 
j “height. of the reading above mean sea level is known, the results of this observa- 

may be used to write the equation, wel Dag. to 3 oft 


in which, h and t are the observed height and time, respectively ; Hi is the local 


7 half amplitude of the tide; and c is the time before the instant, ¢ t = 0, when 
? tide was at mean sea | level; 4 that i is, when ¢ + ¢ was equal to 0. Iti is 3 clear 

_ that an independent equation of this form can be written for each observation, 
as many observation equations be formed as 

e mean valu 

a series « of are taken several stations, 
mee 3 from the same instant when ¢ = 0, a value of ¢ ‘may be found for ¢ each point 
ase of observation, and the difference between the values of ¢ for | any two. given 


aa “points will be the time required for the tidal wave to be propagated between 


: ee. 08 In case the elevation of mean sea level is not known, the staff reading may 
om be used without a reduction, to determine the value of 
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Let R be dic'st staff reading, ‘the zero of the gauge being set at any. 


Then, if e ‘Tepresents- the elevation of mean level on ‘the staff 


= R —e, and the observation equation may be written Pre 


in c are unknown. 


t 


t 


71 


during any tide, observation 


quantity may formed by the usual methods of least squares. These equa- 


sin 2 ot Hsin2x— 3 - (7 
> R sin 2 +H cos sin’ 2 - 


- cos 2 
2a cos? 
the observations at the Rehoboth Canal, hourly readings v were used 
Be computation, ‘and n was made 14 so as to embrace ¢ one complete tide i in| one 


set of equations. In this ¢ case, Equations (72), (73), and (74) become reduced 
= 14e + 0.3267 H cos 2 + 5876 Hsin 2a 
11.1686 = = 0. +3267 6. 2924 cos 2 0. 2135 H H sin 2 


10.3442 = 1. 0.2135 H 2 H sin 2 


The left-hand of Eaustions (75), (76), and (TT) are: 
ia that change for different stations, as ¢ is counted for each station int all 


from the same ‘instant. This makes the solution of a ‘series of equations for 


‘The are ai as listed i in n Table 8. 
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was noted dui 
quite sensitive to wi this fact is s reflected i in ‘Table 8, but ii it is quite 
2 probable that that effect has been partly « eliminated in the meal that 
they may be accepted as representative values. Since the computed time 


of propagation of "wave from the | mean observed 


Canat Communicatine wirn a T Twat Reserv om oF Limirep 


— Iti is now proposed to consider the case of the flow i ina tidal canal ——— 


i’ no proper tide of its own, » but which | connects a tidal sea with a basin of _ 

~ limited capacity such that, under the influence of the tide transmitted to it” 

: — the canal, its own surface undergoes periodic oscillations of level. ay 


~ To explain the phenomena observed during the propagation of the tide a 
‘the type of canal now considered, assume as before that the wave propagated 


2 in the canal i is assimilated to a series of small wav es of translation. ~Conse-- A ; 


it is formed during the by a series of successive intumescences 


* the ‘ebb. ‘These influxes and refluxes are. propagated with speeds 


and velocities determined by Equations (1) a and (13), already ; given, ‘conform- 
ably with the theory of waves of translation. 


‘art F i 
oi Assuming the sea, the canal, and the basin to be in equilibrium and at the 


game mean level, and that the first influx: is then. introduced, its action will 
be analogous t to that of a canal communicating with a limitless reservoir ex 


“cept that the volume of the intumescence now has a finite r elation to. the 
volume of the basin, and will suffice, when introduced therein, to raise its ae 


level a certain amount. — The rise of level will oppose the continued introdue- ie) 
tion of the into the basin, but this opposition will not be suffi- 


cient to counteract it completely until the volume of the intumeseence poured 


into the basin shall ‘equal in quantity the area of the basin multiplied by — ah 
height of the intumescence. When that" oceurs, the basin will be emitting 


- into the canal i in the direction of ‘the sea, an opposed ‘intumescence a equal 


height, the velocity due to which will completely annul. that due to the . first 


intumescence so ‘that all flow Ww ill cease. Between the time of first arrival of 
“the original intumescence at the outlet into the basin and the time when the a 


intumescence | exactly equals the original, the magnitude of the op, 


ing basin | intumescence will be increasing from zero to o its fin e. 
gu tai 


~ Consequently, the effective magnitude « of the original intumescence as an n instru- 
for filling the basin to its own height will ¢ diminish and will 
when the basin i is filled to that height. 


In the « case of an infinitely large reservoir as previously | described, it was 
"shown that as the intumeseence was unable to Taise the > basin | level, it was com- 


= to disappear in the basin through a lowering of its height and an in 
‘crease of its 1 velocity, resulting. ina reflected depression of equal amplitude. 


‘Similarly, in the present instance, the intumescence must ‘disappear in the f 
“i basin, but - the surface level of ‘the basin will be : rising, and, consequently, the 


4 

— 

\- 
"Ge 
— 

va — 
| 

j 

ING 

7 

ie 
|. 

~ 
P Tellecte epression will not be equal to the original intumescence, but will be 


‘canal friction i is why on art rival at the basin, the height 
of the basin level at the same moment is hos the disappearance of the intumes- 
cence in the basin requires that any difference between hy and hy give rise to 
a reflected depression of height equal ta which is equivalent to 
A considering a depression and an intumescence with respective heights equal to 
—h; and he hy. The depression with a height equal to is clearly the 
- reflected depression corresponding to he already mentioned i in the 2 case of an an 
i coma large ‘Teservoir, and hy is a new intumescence emitted by the basin, 


5 


bet: Similarly, a second ‘intumescence propagating itself on the first one will 


the basin surface again to a point of equilibrium, ‘thus giving rise to 


me series of phenomena, ete, for each influx. 
As long as the influxes propagated into canal and thence 
ad basin, the tide will be in “flood, and ie. surface of the basin will continue to 


the influxes shall’ have ceased to be further propagated, at high 
water, and the refluxes ‘shall have begun be propagated, these ‘refluxes will 


2 
add their velocity to that of the opposed fluxes from the basin. When the 


we time arrives at which this sum is exactly equal to the combin ed velocity of 
‘ss the influxes, or when. the total height of all intumescences is equal to the sum > 


of ‘the heights of all intumescences | emitted from the basin, the basin level 
: will cease to rise, and the velocity of inflow w ill be zero. T henceforward, as 


the refluxes gain over the influxes, the surface of the basin will fall. " ae 
‘Manifestly, a : similar reasoning on the refluxes of the negative wave would 

indicate an emptying of of the basin u until the influxes of a ‘rising ‘tide should 
‘cause a cessation of the emptying, and the resumption of a filling. a 
ne _ Previously, in discussing the properties of th the wave of translation propa- 


gat ted in an infinitely long canal, the result of limiting » the length | by the 
-introdu etion of an infinitely large reservoir was considered, and 3 it was found 


Gaal by the introduction of a like Bess of limited capacity, will be similar, 


"hi 
a but with the added difference of causing the generation of a third wave—that 
emitted from the basin—w hich will be positive for a positive generatrix. aA 


Therefore, the canal connecting the tidal: sea with a basin of limited 


capacity will always have within it at least simple waves | of translation, 
the actual heights and velocities at any point in it will be the resultant 
i of those due to these three waves. The first will be the simple wave of transla- Vi 
of 
a ‘generated by the tide in the sea, which will be propagated with proper Es 
friction losses already explained for an infinitely Jong canal. second 
wave will be the reflected negative wave corresponding to the first one exactly | s 
as. previously’ explained. The third wav e will be that. emitted | by the basin, a 


: ‘Positive for a positive tide | and negative for a negative tide, ‘and of a magnitude 
at the canal outlet in the basin that w il! be exactly equal to the height of the 


equal only to the diiference be ween the heig 1t of the that 
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Let following additional notations be assumed: 
= the : semi- amplitude of the basin tide. a on tes 


{= ‘tp, then h = H,; hence, y A's 

H, = H, cos2 x cos 2 b + 

‘Therefore, 


— 


Since the direct wave ve and the ave must have the same phase at at 


yy 


-(8 31) 


is the. amplitude of the original of translation, and the second, 
¢ of the basin. The first of these » factors determines specific 
_ the volume of the wave capable of being transmitted into the basin and avail-— 
able f for filling it. The s second determines the depth to which the filling may 
~ proceed, and, therefore, the p proportion | of ‘the total volume of the \ wave of e 


aS In Fig. 15, let A B be the geometric biotite of H as as computed for the Stlidnes, ‘ 
in an infinitely long canal having a semi-amplitude, GA, at G. The 


2 height, DB, will be the computed semi- -amplitude of the wave, A G, as reduced — 


by friction. Let DB be the point at which the canal” enters a basin the anne: 
surface of which is represented by C E, and let D Cc be the semi- 


of the surface variation of the level in the basin. 48 Let it be assumed, also, for 
_ simplicity, that the area J MN, of the basin, is constant t for all heights of the tide, 


that its cubical contents above low-water level at. any moment be 


cos 2 
1+ cos2a 


by the expression, M x - 
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 D B - D C, will seldom be equal. Since the actual sng 


yater in the canal will automatically a adjust. itself to that of the basin, the 
‘theoretical geometric locus of H will seldom coincide with the actual locus. 

tf ‘the basin rises only to C E, the geometric locus of high water in the nae wall 

ra will be A C instead of AB. This means that the basin i is of such large capacity 

that it receives not the volume which ie wave, D B, but also the volume 


a basin with an area too anil to afford a capenity: to receive the entire volume ~ 
aa of: the wave, D B, and a evry Ww ould be be stored in ‘the | canal equal i in volume to 


V, cos 22 Vas cos 2 x (— 


2 


has already been seen that when {= ty v = Q, hence, 


Denoting the maximum at the outlet Vin will be equal to. 


7 = 2 sin 2 
— Attention has already been | called to the fact that the values of H, and t, 
on H, anf (86) shows the relation between these quanti- 


An: expression nt Hy in terms of M is is now ‘required. 


any instant, t, may be written, a= A’ cos 2x (= being ‘the. 


this area in time, will be given 
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Substituting i in this equation the proper values of a and v “expressed in 
‘terms of the variable, ¢, the equation for the differential becomes, 


= = [pi 1+ H,lcos2 x (5 V,, Sin 2 | 


oy 


(84) and (5) are squared added, 4 


ie Pn rom Baustion 6), 


— and wind 


=— 2h 


in which, Hy is s the only unknown quantity. he 


ual to it be assumed that K, and reduce Equation (91) to the 
a 


form, (D +; = = a H,’ — ), or, 


which i is the required solution, J K being the ars the ‘value of which pang 


Should the semi- any. one or ofs all of principal con- 
Ponent waves be of such magnitude, or should the canal be of such a short ae 
subsequent reflections would be of sufficient importance to —- oe 
come within: the weal limits of observation, they would require to be accounted 
for in the computation. * For this pu purpose the corresponding semi- -amplitudes ee - 
of these various reflections will be designated H,, Ts, Hy, ete, as before, for the 
various reflections of the sea wave, and H ‘. Ab, ete., for the semi- -amplitudes 


the reflections of the basin wave. general equations for heights of tide 


and pe of flow at any point in the canal will be, therefore, — all YoY yoRxufoog 
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+ V, cos 2 x ( yy cos 2 x ( 


t—t, 


oh 


ays 


jane 


etc., = 


found by eq equations similar 1 to Equations (63) ) and (54) 
a (46 Inspection « of Equations (84) and (86) shows that the maximum possible 


value of V; is 2V,, and of Hy is 2H,, occurring when t, =t ty. . These sub- 


stitutions in Equation | (83) show the value of v to be zero f for all values of 
This is is manifestly ‘the he limiting case when the ‘Teservoir area has become so 


sma 


a The ion of vis maximum at a time, — nh , later than ty . Its maximum 


nD 
— 
r 


ossible value is 2 which can occur only when t, and differ by. that 

is, lial basin is: completely filled, or after the v wave of translation has tA 

a poured its e entire volume into the basin. ‘This. ean occur only when the basin i is of 4 b 


such large extent that its level cannot be raised by. this volume. It's is apparent a: 


* = re ‘that if the level should be raised, an opposed wave would be generated, which 


would prevent the entire volume from entering the basin. This limiting con- 


peti, - dition then becomes the same as the case of an infinitely large reservoir. dor ai 


.. will probably be ‘possible in any practical example of canal and basin 
of this type 1 to ) observe be both H, _ ty directly, from wh which, HA, can be found at 


Equation (26). No example of this case in. Nature is known to the writer 
with the exception of some small coastal bays connected with the sea by chan- 
nels. of various lengths and characteristics. Usually these channels are very 
short, since the bays are generally close to the ocean. _ The shorter the Tength 


of such channels, the greater will be the number of reflected waves that will be 
__ generated by the rise of the bay tide as well as by that of the sea tide. Equa- 


one (98) and (94) will then contain many terms in the last members, and 

‘= their solution will be long and tedious. For such short canals the current may 

aie be assimilated, with possibly equal accuracy, to flow under the influence’ of 


a surface slope, always assuming the canal to be of short length. sit This _ method 
ie of solution has been described : in a previous article.* It is the solution that 


will generally be found to be more suitable for this case, and of ‘sufficient 


nf, CANAL Connectine Two or ‘Water #09 , 


en a canal connects two bodies of water each having an ‘independent tide 


1928, Papers and ‘Pp. 505-553. 
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OF WATER IN TIDAL CANALS 
canal an interference of two ems of om 
gpdependent of the other. In the cases heretofore discussed, all the 
various: waves simultaneously affecting surface of the canal could be 


at 


considered as pertaining to a single system, since each” and every wave was 
dent in some manner on the primary wave of the sea as a generator. If 
the generating wave ave disappeared, all the various reflected waves also dis-— 


— The present case is that in which two such systems simultaneously 


affect the surface of the canal and are propagated i in opposite directions. : 

Since the two systems are independent, it is apparent that the two primary 

Seesiciiinn: waves—that is, the respective pr imary ‘waves pertaining to the two 
of water connected by the canal— have any possible phase rela- 

tion at a given . point in it from complete ‘coincidence to complete opposition, — 
Y and their amplitudes may have any ratio between their respective magnitudes. 

If such amplitu es are equal and opposite i in phase at certain points, there will 
complete disappearance of variation i n tidal height a at these points. s. 
‘general, the amplitudes at t the t twe s of the ~ 
phase differences of the two generating be greater than z zero. 
‘The method of solving the problem of determining the actual or resultant > 


- amplitude of the tides and velocity of flow at any given point in this case mat \ 


apparent from what has already been demonstrated in the two preceding 
eit. the subscripts, « a and b, are pe to characterize each wave system, respec- ea 
a tively, the equation for height of the major and minor wave ee each will a 
=e cos 27 — H,, cos 2 


which, d the difference in time the arrival of thigh water 

at the respective ends of the canal. Iti is positive when the minor wave arrives 
coresponding equations for velocity will be, 
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4 and then added to the actual heed or height of tide (Equation (99) ), thus, f im 
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ecording to discussed in connection with (82), 


ha + hy and — Vp, OF, 


= Vy ¢ os 22 
4 


find the c coefticient o of friction: If Equation 


are 


It will ll be : noted. from 1 Equation | (96) that this expression may be written — 


Be 


Sse 


a t, +d 
t= = 0; = Ax; ty = 0; hence, _h, cos 
2 Hot COs for h, its ‘H, 9 COS 2 


the value of hy 


ly = Hyg 608 sla — 2 cos 2 x 


L+d 
ue vend of the canal | from which the minor wave, comes, 
= Hy; ty = 0; hy whence, 


2 Har cos 2” 


= 


loyal 
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tio 
wt 
dit 
th 
— 
ve 
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= Ha; § 
h — 2 Hy COS | ——— }.. (106 


1980, 


anc t=—4d,i 


‘Equations (105) and (107) ‘that the frictional coeffi- 

cient can be computed from either of these combined with Equation (26), | 

after measurement of the velocity at high water at either or both ends of the a 


canal, substituting ‘the head the proper one of 


‘The latter “may be computed with sufficiently close approximation 

the known depths and heights of tide, thus fixing Hox or Haz for substitution 

in E iquation (26). 10% he measurement at the end from which the minor wave 

comes will usually be found the more thus giving Hat which 

larger than Hor. a2 sti abs cern isi Li 


‘Application to Evisting Canals. —There are a great many examples of canals 


‘ows, Deception Pass, t Cape Code C Canal, and the Changes and Dela- 
4 ~The English’ Channel is an example of the longer of this type. Its 
ne are the resultant 0! of the interference : of two unequal opposed waves. "4 T <a 
major or Atlantic wave enters from the south end, with an amplitude of 16 to. 
18 ft. The minor wave enters saat the: North Sea» with an amplitude of of about 
The length the Channel i is great compared with that of the wave, 
there i is 8 sufficient room in it for the - development of all the phenomena of wav ~ 7 

interference anticipated from theoretical considerations. complete descrip- 
of these phenomena is given by Bourdelles* and will be repeated here. 
am The case of the interference of two equal opposed waves is realized in the a 
Ste Georges Channel of the Irish Sea. Tw vo flood currents having ‘opposite: 
directions, exist simultaneously : and proceed from the ends of the channel toward 


wt line of flood which forms a , line joining the Isle of Man with ‘Morecambe 


Bay, so that the sea rises on that line to a maximum height, but is accompanied 
bya no current. Likewise, on the ebb, two opposed ebb currents start from this — 


Tine directed toward the ends of the channel. At the place where the trough Rise : ae 
of one of the waves encounters the summit of the other, the vertical variation of | he 


the tide i is zero, while the currents there reach their greatest velocity. This 

‘occurs § ‘at Coustown and at a point 50 miles south of Dublin. These ebb —_— 
“flood currents turn throughout the channel at the time of high and low water — 


“at the line of “flood ; likewise, the time of | maximum velocity throughout - the 
channel corresponds to that of half tide at this line. 


‘The Cape Cod Canal is an example of the shorter —" subject to unequal i 
“opposed waves.+ The canal is about 8 miles long. The amplitude of the etide , 
in Cape Cod Bay i is about 9 ft. and of that in ‘Buzzards ‘Bay, 1k This canal ~ ; 


is so short with respect to the magnitude of its - major wave that the number — 


ee “Etude du Régime de la Marée dans la Manche,” par Bourdelles, Annales des Ponts et 


lay Parsons, M. Am. ‘Soc. c 
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of the wave the canal m must be large, and the equations 
5 fa corresponding to Equations (99) and (100) Ww ould be long | and tedious to > solve, 
‘The writer has not attempted to compute by this. theory the tidal character- 


t % istics of this canal because data obtained by observation known to him are not 


sufficiently complete for purposes of comparison. oct 


_ The Chesapeake and Delaware Canal occupies an intermediate ‘status as_ 
a to en length and depth between the Suez Canal and the Rehoboth Canal. It is 
a the one by which the theory will be further tested. This canal connects the 


‘Delaware River with Chesapeake Bay. begins about ‘40 miles below Phila- 
_— Pa., near Delaware: City, Del., and ‘extends for about 14 miles in a 


a = of water, 12 ft. deep at mean low w sien oiilh a bottom width of 90 ft. 


( The se sea- -level connection was made i in February, 1927, and some observations 


were 1 made on May 18, 1927, to. ascer tain the tidal conditions, 
ie » a _ From previous records there was found to be an average higher high water 


of 6 ft . above mean low water at the ‘Delaware entrance of the canal, and of 

(24 ft. at Chesapeake City. High water occurs two hours earlier at Chesapeake 

City than at the D Delaware entrance. ib 

7 . ‘The | side slopes . of the excavated p prism ‘are constructed at 2 ft. horizontal 

oa 1 ft. vertical, and the bottom of the canal i is uniformly | 15 ft. | . below / mean 
sea level, hence the following date result (see Fig. 


33.5 + 33.5 + 90 = 187 ft. 


w ig 


sont 


46. —Drscramaaric Cross- SECTION oF CANAL, 

_ No opportunity v was had to determine the nent value of the coefficient of 


friction for this canal. : ‘It has been shown, however, that a value of 0.51 was” 


= proper for channels | of the | cross- “section and depth of the Suez Canal and of 


58 for the Rehoboth Canal. The: ‘value. of. 0. appears ‘to, give results in 


- aecordance with the Chesapeake and Delaware Canal, and that 

ist the value adopted. odt to oe af Ine!) hor) age) oft 

abst The first three miles of the canal at the Delaware end were constructed 


than the remainder, primarily to width for vessels to Tie 
at: the banks while awaiting passage, and, secondarily, to obtain material ‘to 


es a dike in the vicinity. “This change i in width ‘results i in the heaping up 0 0 
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ATER IN TIDAL CANALS [Papers 4 

300 ft. wide at surface 3 Using this width in Equation 
(26), it is found that the tidal wave of 8 ft. from the Delaware River would be 
reduced 1 by friction to a semi- -amplitude of 2. 39 ft. at Mile 3. a Substituting the 
- proper values in Equation (37) the 1 new height’ at Mile 3 is found to be 


4 


amplitude 0 of. this wave from 2.39 to 3.18 ft. and creates a positive paren 


et going back to the canal entrance, having a semi- -amplitude | of 0.79 ft. 


Equations resulting from the substitution of ‘the foregoing in Equa- 


tions (26) and (99) may be written similar to Equations: (65), (66), (67), 


“ The instantaneous profiles for each hour of the tidal cycle, and ‘the instan- 
es for the same times are shown in Figs. 17 and 18. Ss) i eee ie 

s Fig. 19 shows the record of instantaneous tidal observations made on May 
13, 1927. Itw will be noted that the computed a nd observed instantaneous curves 


: 4 show a remarkable similarity. If the observations could have been extended 1 to 


4 


a 


Se ie cover, say, a complete lunar period, so as to obtain an average result, a a more 


_ complete comparison — have been made; yet the results are quite in agree- 


May 13,1927 Feta Wa Oey 


Tide Rising -.- 
Tide Falling -- - 


a] 


4 Fig. 19. _—OBSERVED INSTANTANEOUS PROFILES IN THE CHESAPEAKE AND DELAWARE (Canal 


is regretted that the observations did not include 
ae but the current meter broke down before the 1 work was well begun. Ina a gen 


way, however, velocities were found to conform to the indications of 


ag 


The « effect of thi this chan, change of width on subsequent reflections i is | small and i  : 
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theory. in the three miles of the ential the are 


% 80 | low that silt brought in in and deposited from the Delaware River which here 
4 has a a very y muddy bottom, has caused such rapid shoaling of the channel in this 
portion as to require 1 much “maintenance di dredging. _ The sudden i increase in| 

z velocity at 3 Mile 3 is quite marked, and the ‘greater velocity at Mile 14 was such 


Fig. 20 shows the computed retardations | of high and low water, and the 
times of slack water and maximum velocities. z ‘These features were noted in the 


observations ¢ of May 18, 1927 , and are e also s shown i in Fig. 20. Here, again, the te 
general appearance and trend of the curves is such ¢ as to show that the results % 


given by theory agree quite well w ith observations. — In eonformity y with the 


of theory, the rate of Propagation of high is quite slow 
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Fie. 20. —RETARDATIONS or AND Low WATER, AND or Maxmmum af 
4 : VELOCITIES, THE CHESAPEAKE AND DELAWARE CANAL. : 


the latter point to the canal entrance in Delaware River high wate 


practically simultaneously i in the entire section. The point of minimum t tidal ; 


_ Beginning at high water : at the Delaware . entrance, the rate of propagation 


of the maximum velocity westward i is in 
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4 NOTE: The irregularities In curves at mile ante 
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OF WATER IN TIDAL CANALS » apers. 
nly of importance in thie rate is at Mile 3, where irregularities 
ue to the change of width of the canal at that points It will be noted | 
that the time of maximum velocity westward oceurs at Mile 14, somewhat t after 


= level has fallen below ‘mean sea level. Between Miles 11 and 12, slack - 


= water occurs” on high and low- water stands, Ee) that, in general, the period of if 


falling tide ‘corresponds to that of a westerly eurrent and the period of rising 


tide to that of an easterly current. At the Delaware entrance, on the contrary, f 


the current is westerly 2 as long as the tide is above, and easterly as long as it 


below, mean sea level. Mean level will be found above» ‘mean sea level 


su Wis 


Theory and observation both a lack of similarity between the geo- 


a a... metric loci of high and low water, due to the greater effect of friction on the 
uy negative waves. ; The effect of change of width at Mile 3 is more marked on om the 
- positive waves than on the negative. This change of width is shown to be ver y 7 

- detrimental to the canal. Had these three -miles been uniform i in width with 


the ‘remainder of the canal, the increase in height of the tidal wave there 
e ’ would not have occurred, and the wave throughout the remainder of the 
canal 


= at all points between its two ends. bark tis € 


would have been lessened, thus reducing velocities from Mile 3 to Mile 14, 
, and i increasing velocities from Mile 0 to Mile 8. This would have been bene- 2 
ficial to the maintenance of the first 3 miles of canal, and would have been 
ee to navigation in : reducing velocities in the remaining 11 miles. _ 

1 aac occurring at any point in a canal are a a manifestation 
of the « energy imparted to the water by a ‘source of « energy outside the canal. 
_ This energy is propagated : from point 1 to point in the > canal | by a ‘simple wave of 
 ,eliattie , and manifests itself as potential energy i in effecting a change of 
A = elevation of the surface of the_ water, and as s kinetic energy in | imparting a 
certain velocity of translation to the particles of water, 
~All the ‘energy imparted to the water of a canal will ultimately ‘become 
_ expended : in overcoming the frictional 1 resistance ‘offered by the banks to th the 


q 


a Tf the . canal is too ‘does for this” expenditure to become effected during 


4 the passage of a single simple wave > of t translation, the energy remaining unex- 


= - pended when the simple wave has traversed the canal v will be transmitted back 


> through the canal and manifested in the form ofa a ‘second simple v wave of 


‘the canal terminates in a. restricted or ‘dela tod! the reflected wave 


- will be of the same sign as to amplitude as the direct wave, but t of opposite 


“4 If the canal terminates in a or a basin of | large capacity the 
: reflected wave will be of opposite sign as to amplitude and of the same sign 


Ag ‘Whenever two or more simple waves of translation are” simultaneously 

ee propagated in a canal, whether in the same or in opposite directions, a com & 


pound is formed, which is the resultant of all the simultaneous simple 
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waves. resultant any point is the algebraic sum of all the 
"component amplitudes at that point, and the resultant velocity, the algebraic . 


gum of all the component velocities, provided al all velocities i in the direction 2 - 


- propagation: of the major wave are considered as positive, and all in the oppo- 
| - site direction, negative. In general, the algebraic sum of the component ampli- oa rd 


tudes will not bear the same simple. relation to the “algebraic sum of 
/ component: velocities as e expressed in Equation (17) for the relation of : amp 


to velocity i in the simple wave of translation. 

ay The simple wave of translation seldom exists in a state of Nature, sii 

& consequently, can b be but rarely | observed. _ Practically all tidal propagation as 7 

‘ ‘observed in Nature is in the form of a resultant wave, in which the varying _ 
effect of ‘the different components as modified by friction accounts for the 
varying relation so frequently | een amplitude of 
of current at any g given point. 
Shallow channels are conducive to high alt tidal with 

absorption of energy, which reduces velocity. Deep channels are con-— 


ducive to moderate current velocities, but absorb. energy slowly, which 


. As long : as the width of a tidal channel is ; uniform, t the magnitude of the a 
i th I has ‘little or m no effect on velocity or other phases of tidal propagation. _ 7 


“Any: variation in the width of a tidal channel will affect the rate of ‘expenditure — Bu 


a energy, and, consequently, it will both and velocities in 


canal. 
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tHE M ARTTIN 


January | 1926, President Plutarco Elias Calles approved existing 
Mexican Federal Irrigation Law. It ‘provides in essence that the irrigation 7 


of private agricultural lands | of whatever kind or extent of cultivation be 


declared a public interest, if subject to irrigation from Federal sources of 
water supply. Furthermore, it creates a N: ational | Commission of Trrigati ion 


composed of three members, to put ‘into effect the studies of irrigation projects, 
ution of all plans related thereto, and the 


within the ‘Provisions 0 of this Act. ree 
= This 1 paper gives a a general description of ‘the Don Martin Project, on of 
te largest so far undertaken by the ] Mexican Government under the provisions — 
of this Act, including therein also a brief outline of the construction methods 


well as of the in mind and developed to date. 


west of Laredo, Tex. (see is near the center its area W 


a total of 65 000 hectares (160 000 acres). 


covering 

The dam ‘affecting this storage is 66. km. (41 ream from: 
Rodriguez and an equal distance west of ata place where a 
range of hills known as “Lomerias de Caracol”, crosses ‘the Salado River in a 


general ‘north-northeast and south-southwest direction. 2 ‘This dam will also” a 


 ~Nores. —wWritten discussion on this paper will be closed in April, 1931, Proceedings. _ 
Presented before the Texas Section of the the Annual Meeting, ‘Laredo, 
te at Res, Engr. The White Eng. ‘Ss en C, La Cruz i 

exico. : ‘ 
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ae ail: to divert the water impounded by it into the main canal of the s system, Se 
After: leaving the head-works this canal diverges slightly northward from the 


river for a distance of 42 km. (26 miles) from which point one of its principal 


the : first unit to be irrigated i in athe vicinity of Camaron wa Hefeignes. ‘From 
_ this point also the main canal turns almost directly south a distance of ot 
120 km. (75 miles), a and about 5 5 bared 3 miles) up stream from the crossing of 
the Laredo- Monterrey Highway with the Salado River. Fig. The 


area to be irrigated covers 30 000 hectares north of _ river shoes va 000 Yl 


c 


If. 


f Yj indy BF 
a. 

Scale in Kilometers 


ot Scale of Miles 


ot 


_ undesirable strata of cxystallized gypsum mixed with highly compacted clays. 


forming a very impermeable structure. ‘For this reason ‘the ‘soil 
the younger alluvial ‘soils nearer the river | and generally free 


gypsum bottoms. choice of the major body of ‘the project lands to 
the south of the river, although resulting in an ‘appreciably higher estimated 
cost, seems to have been | a wise move. 
—The water supply for this project i is almost aa —e 


Ay 


form the Salado ‘about 8 km. (5 ‘ied shore the dam. ig The | catchment basil 
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THE DON MARTIN 


cT 
this reservoir an area of about 30 000 sq. km. 500 


; It isa typical arid region and the major hewn’ the precipitation | comes 


an annual of 000 hectare- -m. (670 000 acre-ft.) has 
computed . On the basis of an average release of m. (4: 1 ft.) in n depth at 
the outlet works, this supply is estimated t vide ‘7 cm., cm., or 23 ft., of w vater, 
over the area contemplated | for irrigation, with an estimated conveyance 


Pa fk. _ The duty of water r assumed { for these lands is based upon records and sys- 


aM 


tems of agriculture practiced in the Lower Rio Grande Valley, the Imperial — 
5 Valley, and the Carlsbad Project in New México, which aie fairly similar | 


project is further favored by the, use of an equalization 


ae storage 1 reservoir in - Lake Salinillas, which affords a capacity of about 1600 


“ ‘a 
= hectare-m. a. (13 000 acre-ft. ) atap point 30 km. (19 miles) below the intake. a 
a: Surveys and Subdivisions. —When the construction | of the project was 
- authorized i in October, 1926, there was available a } system of topographic maps 
7 covering the reservoir site and the ‘part c of the - project north of the 1 river, ‘suffi 
7 ciently accurate to give a general idea of the topography and relative geograph- ql 
y 
* ¥ ical dimensions. 2, The extension of the project to the south side ‘called for imme- 


diate reconnoissance and preliminary surveys to determine its feasibility — 


q 
4 
Z 
4 


costs. Likewise, an accurate topographic survey of the: reservoir site 


gor 


‘Gate! in respects. to the surveys in the western part of the United 

‘States, modified only to fit the metric system of measure and the relatively — 
restricted area occupied by the project. The system | of co- ordinates was based — 
“upon an point arbitrarily chosen near the geographic center of 


ran eh and a a principal each following ‘the cardinal courses, 

4 with 1 range lines running due north and south, 10 km. (6.2 miles). apart | at the 
_ base, each kilometer being marked d by permanent concrete monuments, as were 

h also the initial lines. In like manner a system of parallel east and west town- ; 

ship: lines was established at 10-km. Sates, also marked at each kilometer. 2 
a townships were designated as “ “Quadras” and numbered as i in the 
_ ‘United States. Each “cuadra” was ‘was subdivided into twenty-five sections, i 

~ section lines having east and west boundaries parallel to the east boundary Or 
a line and thus throwing the deficiencies to the north and the excesses sto. = 


po south of the base line into the west tier of sections and quarter-s sections. 


> 


= cam ame wholly o or ale: within four tiers of townships, » making such ‘refinement 
nnecessary. . This procedure follows the 


parallels” to be established 24 miles apart. sections 


~ numbered consecutively y from the northeast, Section 5 being at the north- 


= west corner, Section 21 at the southeast Saas and isan me at the southwest 
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ad 

corner of each interior section lines were marked at each kilo- 


2 being oth a 8 to location and elevation, thereby forming | an excellent control _ 7 


& This system of ‘subdivision forms also - the skeleton upon which is being 
based the farm unit subdivision, the location of minor distributaries, and the > 
of roads which will | give an outlet to ‘the e principal, or 


>: within each section. Thus, Farm Unit A. 
* is in each case the e northeast parcel or subdivision within the section, thus cise 


i tinguishing it from any other parcel within the entire | project. 
Ro pads. —The Commission has planned a system of public ate to give easy 
access to each farm unit. These are to be of such ample width that ultimately 7 


glined shade . trees may border e each side, to enhance the beauty of the land- 


750 1000 


— 


= 


Norma Water El. 858.9 ft 06 ft. 


Fia. 3. —PLAN or DAm Across RIO SALADO 


The remainder i is owned by p perhaps less. than forty. or vassocia- 


length, by existing fence lines occasionally corner : 
Monuments. Adjustment | has been made for the lands comprised within ‘the 
first unit. manner of making these adjustments is further explained under 
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ture of an earth and gravel embankment 985 m. 231 ft.) in length 
= a concrete overflow section 234 m. (768 ft.) in length. ’ (See Fig. 3. ) Fol 


are the characteristics | of the embankment: 


height . ime 114 
a Free-board to top of parapet wall. . «164 
bar thickness from 11 in. at the base to 8 in. 
at the crown, with 3-in. round bars, 12 in. 
center to center, and vertionlly. 


ally, it penetrates the fet few layers of loose seamy are inter- 
4 calated with seams of clay and soft shale, thereby ep a reasonably water- “i 


Spillway Section— —The characteristics of this structure are, as follows: 


29.5 
Thicknies. of back-cover slab..... 0.75 the 
Elevation, , spillway crest (above 
+ Elevation, normal high 
‘reservoir 
Elevation, crest of parapet. . 
ss Bridge, width over spillway ( 
Height of radial gates. 


The is controlled by a system of twenty-two automatic radial 


lift, The water ‘through the 6-in. entrance at bottom 
4 of the float-well exerts a buoyant force on the suspended float sufficient to. 
bring ¢ about an 1 overbalaneing of the gate of f the s suspended 


| 
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attached to the | lever arm which 16 ft. beyond the gate: 


the float-well is when the level of the reservoir rises above an 

a -devation of 261.8 m. (858. 7 ft. ), and, upon cessation of inflow, the float- wells: 

are automatically drained by a 3-in. | pipe or orifice at the bottom . Thea admis- 

; sion of the water may also | be regulated at will L by a a small shutter at the entrance 
of the 6-in. pipe at spillway Jevel, if for any reason it should be desired to lower 
any + all of the gates before the water has receded to the normal high-water Ee; 


757.88 ft. parts, 


| 
4 


The in this automatic control was independently ‘con- 

ceived by the designing foree of the J. G. White Engineering Corporation. 
" similar device has been used for some | time in the Turlock Irrigation | District, Nf 
the Imperial V alley, in California, and ‘elsewhere, with complete 

Th type a spillway here adopted follows i in general a suggestion given* 

by y Fred A. Noetzli, M. Am. Soe. C. E., with modifications to suit local require oe 
‘ments. ‘Its distinctive features" ‘the round-head buttresses conveying t 
water pr pressure to the counterforts by radial compression, thus avoiding bend- — 
moments and flexural stresses to be resisted by reinforcement. These 
: were considered objectionable because e of the the highly corrosive action on steel of 
the waters” in this stream. Furthermore, this type independent units 
peculiarly adapted to the local foundation conditions, each of the 
being deeply embedded ‘tate the limestone | strata by a system of channeling, 
affording maximum: attainable sliding resistance within» acceptable 
} Es Sluice-Gates.——Provision is also made for the complete drainage of the | 


reservoir when desired through four 3.2 | 2 by 4ft. . rectangular ‘sluice-gates, 


= 


“The Design and by Edward am. Cc. E., 
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_ operated by ‘geared, —" lifting devices of suitable design i in the interior of 
the dam at an elevation of 241.26 m. above the floor of the down-stream ap apron, 
The gate-sill ‘is at an elevation of 232. 1 m., which i is somewhat _ below the 
“ordinary 1 level of the water surface ick the river at this point. ‘This gate is 


Outlet Works. —Water may be released reservoir through ty two 


= of eight 1 vertical, ‘rectangular, 3.5 by 10-ft. sliding gates, each battery = 


¥ 


containing four regulating and four gates. Fig. 6.) ‘The gate 

stems extend ver rtically to mechanical lifting devices operated “by electric 
_-- motors located in a gate-house at the top of the gate tower, at an elevation of a 
iy 5] - 965. 8 m. . This tower is connected with the dam proper by a steel truss bridge, iN 
water is released into a 2-bbl. concrete conduit, each barrel built in the % 


¢ 
form n of an elliptic arch of of 5.02 “m. span (16. ds ft.). The capacity of the gates 


is in ‘excess of 65 cu. m. per sec. Q 296 sec-ft. ye which 3 is the calculated maxi- 


mum duty of the canal system in its upper reaches, 
ia Dentate Sill_—Adjoining the apron of the dam is a dentate sill of a type 


S, ‘a similar to the deflectors at the Bull Run Dam constructed for the w e water sup: 


: x ply of the City of Portland, Ore. 4 An excellent discussion of this type, includ- 

ing experiments with models, hts been given by B. E. _ Torpen, Am. Soe. 
CO. Ez * The height from the apron 1 level to its crest will be 2 m. . (64 ft. ) and 
its length over all, measured at Tight angles to the axis of the dam, 18.22 
(43.4 ft.). The dentils, o or bafile- -piers, are alternately sloped up stream 1 
and 1 on 2. 5, respectively, as was done on the Bull Run Dam. — (See Fig. 7.) 
Auciliary Dike-—About 8 km. (5 miles) south of the dam is a series of 


connected saddles ‘the 888 sregate length of which i is 9. 5 km. * 9 miles), with 


soteriation a this dike as follows: 


Maximum height . 8.8 239 


 sonry of lime mortar 0.26 m. (10 
in thickness, connected at its 10 “eT j 
footing with an up-stream cut-off | 
extending to a variable depth, : ally. aq 

generally 0.8 H (H representing 
Breetboard to of parapet wall.... raide 16 


ol 
ord 


ei 


651540 cu.m. 852 195 cu. ou. yd. 


The body of this dike is composed of the earth material from shallow 
_ borrow- pits near- “by and down stream. — Because the ground here i is underlaid 
at shallov w depths with a a gypsum stratum of undesirable c composition : ‘for ‘this 
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Irrigation Supply ~ 46 


By-pass for 


' 


Proposed 


Future 
Installation 


Side slopes. 13:1 

Water depth 8.23 

Computed velocity....... 0.847 m. per sec. S38 ft. per sec. 
36 cu. per sec. 239 cu. ft. per sec, 


passes through an auxiliary reservoir with 


hectare-m. (12 970 acre- -ft.) which will materially id in the va of the 
system below and the Guring 


*@ 
Normal Water Level 858.9) El. 872.06 
hi 
Canat.—The main canal for th 
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FINISHED CANAL 
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This main canal extends to a junction with one of latera 


hing 2 


individual farm unit. The (Camaro) lateral serving the first 
unit of the system, has" two branches from which the necessary tributaries are 
“extended i in accordance with the best experience, | keeping i in mind the systems 
k of irrigation which may be adopted. All structures connected with the system | 
re made 0 of a practically permanent type with the exception of the bridges 
across the principal drainage channels, which for the present are built of 
Borsa ‘Testing 0 on pile supports. Ft uture developments w ill best ‘Serve to deter- 
mine which may ultimately best be replaced with more permanent material. 
Drainage System. —The principal arteries of the drainage syst 
planned and built in connection with the irrigation systems. are con- 
structed of sufficient size and de pth 80° as to provide not only for the safe 
disposal of the storm and waste waters, but also for the > cart range, and more espe. 
cially the collection, of the soil drainage. As. these soils are generally of a 
fairly compact structure the removal of surplus w aters is believed to be essen- 
tial. | _ Experience on all irrigation projects s thus far has demonstrated that this 
‘collection can only be made effective by means of relatively deep ditches (7 to. 
10 ft.) 9 whether the system is of the open or the closed | type. ‘ 


area considered, ‘only open drains are built, for the reason that these will have 


to take care of quantitiies of storm w aters, the volumes of which are known to a 


be large but ‘indeterminate. On account of ‘the uncertainties as t to the 
and the extent of future erosion, bridges « across drains are being p lanned o 


‘Early i in 1926 the Government with the 
Jz G. White Engineering Corporation, S. en O., , providing for the investigation — 


and construction of a “number of irrigation projects in different parts of the — 

Republic. of these projects, the Rio Mante, near Xicotencatl in the | State 

of Tamaulipas, has been completed and is now in successful operation; an 

“other, the Calles Project in in the State of Aguascalientes, on the Santiago. River, | 

is nearing completion; and the principal irrigation features of the Don Martin | 
Project, including the distributing | works for the first irrigation unit of 16 000 3 

hectares (40 000 acres), will be available for the beginning « of settlement 


“imigation near the end of 1930. The Conchos Project i in the State of Chihua- 


‘ hua, which has been given a most exhaustive line of investigation and ey, 
= is now under construction; it. covers from 45 000 to 55 000 hectares (112 000 
to 187 000 acres) of irrigable area, according to the scheme of development — 

that may be adopted. ‘Other projects in the course of construction and | 
tigation are the ‘Tula, in the ‘State o of Hidalgo, and the San Carlos, in _the 


; State « of Coahuila. ‘These two a are old projects which require partial rehabilita- 


and the extension of the existing works ‘constructed at an earlier date. 


~The te ation and ‘settlement of the Don Martin Project require the construc- io. 
os 
ving g principal features now course 
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THE DON MARTIN [ Papers, 


.: construction or well advanced toward | completion i in so far as they relate to 
the first irrigation unit: Rio Salado Dam; - Rio Salado Auxiliary Dike; Canal 


System ; Lateral ‘System; Drainage System; and Roads 


Ro Salado Dam.— —The length of hive! of the material used in the ‘ate oi 
he - gravel section of the dam was about 2 km. (1} miles), and this haulage ‘was 


- effected by a railway system with seven to eight | trains, drawn by 20- ton ‘oil 
locomotives. train consisted of from twelve to ‘fourteen 5-yd, 
cars. Cars were loaded by two steam shovels. ‘tn Following each 


successive unloading, 80- h. ‘tractors ‘shifted the track a sufficient distance 


After suitable sprinkling the material was by four 
12-ton road | in 8-in. layers. is of ideal composition for a dam em 


_bankment of this 1 type, consisting of about 65% of gravel well graded to form 

a compact. mass, mixed with about 35% of “fines”. ~ In its compacted state ‘the: 
if material weighs approximately 185 Ib. per eu. ft. 
ws Asi ‘is usual i in construction of this character, the surface was first strip 


Bila 


es Bat all vegetable matter. Where heavy brush and ‘undergrowth prevailed, the 
8 stripping v was extended to include the root zone of this undergrowth. 


_ The aggregate for the main body of the conerete overflow section was lime. 
stone obtained from the ‘right abutment. ‘Here, an opportunity \ was afforded 


for * lengthening t the spillway and the installing of four additional radial gates 
the same size as twenty- automatic gates, but. ‘operated by. direct 


control. The materials, suitably selected, » were passed through a No. 6 gyratory 


tee crusher driven by a 240-h. p. Diesel engine of the marine type, the engine also 


- furnishing the motive p power for the screens, sand mill, mixers, and auxiliaries, 
_ After passing the crusher, the e material was s elevated 70 ft. ‘to a revolving sereed 
ao . from which it passed into the storage bins used both for ‘supplying the mixer | 
plant below and for loading trucks. A part of the crushed material was 
Jyhurned to a 36-in. cone crusher which furnished the sand for the concrete, | 


‘natural sand or “gravels having been available. Immediately below the 


bins was ‘the 1 mixing plant, which consisted of two 1- “cu. yd. mixers from 

_ which the concrete was ‘conveyed to the forms in side -‘dump- cars. (See Figs 


concrete for the outlet works and retaining wall was mixed by a system J 


of from three to four 14 mixers, of 3 yyd. “capac ‘ity. Side -cars ani 
"chutes were used as for the overflow section. 


as ~ Augiliary Dike. —Starting i in December, 1927, the construction of the dike 


progressed uninterruptedly. _ The ‘Major | part of the work was performed with 
7 three standard 36-in. elevating graders and from eight to twelve At-yd. dump 
‘wagons to each machine, according to the haul. Because of the ‘shallow soil 
2 mantle suitable for this embankment the haul ranged from 55 to 180 m. (18! 
driver 


ers ‘nd then rolled with ton road rollers. a 
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Main —The excavation of the main canal and the stripping of the 


foundation began near the end of March, 1927. Equipment was placed 


o in operation as rapidly as as it t could be procured from ‘the manufacturers and 4 


included fourteen 13- -yd. ‘Diesel and one 24-yd. Diesel, electric. drag- line exca- 
-yators. Much of the main canal passes through uncommonly difficult ground 


ranging from mixtures of erystallized ed gypsum embedded i in very compact clays 
* hard conglomerate r¢ rock. It was , necessary, therefore, to use large e quantities rt 


of explosives and a battery of from four to ‘six portable gasoline | air com- 
supplying ‘mecessary drills auxiliaries ‘to loosen and shatter 


in such an average output of from 20 000 to 30 000 
= m. (26 000 1 to 39 000 cu. yd.) per month was obtained with two 8-hour shifts — 

and using 13-cu. yd. machines, depending on the materials encountered. Much 

of the excavation had also to be made in cuts of considerable dimensions for 
which these machines were inadequate, but owing to the desire of the Com- 


. = of Irrigation to limit its equipment to such standard sizes as would 
be most useful in its expected operations, it was decided to choose only ma- 


— of moderate size such as could be made applicable to future uses. oe ore 


Lateral System. —In the building of the lateral system, advantage taken 


ei 30% ‘from that o on 1 the larger ills of 15 to 40-ft. bottom width and 


Drainage System .—The principal pal drains for disposing of soil drainage and 

- storm waters are being built jointly with the distributing system and with the 7 
same excavating equipment, because of the relatively softer materials encoun- — fe 
- tered. In these, the output and the unit costs have shown more nearly ‘normal A 


results than in the main canal system. 
oud System.— —Intimately connected with ‘the laying ‘out of the farm ‘unit a 
plan is the p provision of an n adequate. system of public roads. This system as 
_ “now planned and in process of construction provides for the building of a net- se 
work of of secondary « or earth ‘roads | giving access to each individual farm unit. ne 
E This network of secondary roads is united in a number of gravel surfaced roads 
leading to the principal highways and railroad stations, thereby facilitating 
 iteantiae and shipments of produce : as well as intercommunication with the ies 


out SETTLEMENT OF AND Re- PAYMENT FOR Lanps 
Land Exchanges. —All the work on the Don Martin Project was under the © 


a ‘supervision of the National Commission of Irrigation, created by ‘the Enabling a + 


Act of January 4, 1926, to function under the Department of Agriculture and 2 oe 
| Depa ‘This law provides that, » upon the he determination of the feasibility on a 
3 E any anaiien composed of private lands, the owner or owners shall be given 4 
to exceed three months within | Which they may voice their desire to build 
the necessary works « or to operate with the Federal ‘such 


undertakings under special conditions ‘provided by this Act. 
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dy Onitting details, the law further ‘provides ‘that’ in ‘case the | Government 
builds the work ¢ covering private lands, it is to be ‘Yel burbed by a part of the 
- owner’ . holdings such that its assessed unit value in the raw state multiplied 
by the area ceded to the Government shall be equal to the value of the area 
retained by the owner multiplied by the unit cost of reclamation or unit values 
arbitrarily applied. In making these adjustments, the Commission is author- 
; a ized to add to the assessed value of the raw land in each project, a percentage 


so that the value of the irrigated land retained by the owner shall be equal to 


that of of the property he : possessed before the project was 1 undertaken. AS Pin, 


Mexican Citizens F F avored.— T The Commission desires above all things to 
make available the benefits of these irrigation developments to all Mexican 
citizens, many of whom live in adjoining States across the border where they 
‘acquired considerable agricultural knowledge and ‘experience. It is hoped 

i that they may form the nucleus of a system of colonists, s supplemented by o sabia ‘ 
ing from within o or without t the confines of ‘the Republic, the basic thought being 
to serve best a senbeting population which i is greatly i in need of employment 
_ The National of has from the outset conscious 
of the inherent difficulties attending the ‘settlement of ir rigation- projects. 
For this reason ‘every ‘care has been. taken | to minimize the number of failures. 
nod To this end, the preliminary ‘soil surveys upon which the outline of the project r] 
Aa, was ba based, were supplemented by a system of detailed soil surveys by competent | Da 
ss q experts. ‘The: precautions thus taken | eliminate all doubt as to the adequacy of 
: soils or the system which i is 1 to furnish the water supply. 


exhaustive studies of the problems of reclamation President 


b: - Pascual Ortiz Rubio, under date of May 22, 1930, issued in effect the following | 


= re resolution : That the first unit of the Rio Salado System shall be settled by 
colonists possessing following primary requisites: They must be of Mexican 


Further, that the Commission | will select settlers aecording to the following 
a @ Original 1. land owners within the limits to be colonized; (2) 
_ settlers or renters within the region; (3) Mexican farmers, including those out- 
have the ‘necessary primary (5) alumni from the agricultural 
> colleges who have completed their courses; and (6) persons not included within 
these items, but who ‘hive the ‘requisite primary qualifications, 
pri¢es ‘to be paid for ‘the cleared and ‘for irriga- 
285 ‘pesos per 
per acre) for lands of the third To this be added astute 
arid at the rates of 40, 15, and 7. BO pesos per ‘heéctate ($7.30, ‘$2.74, ‘and $1.37 


Eo. “7 The values of 300, 285 ‘and 270 pesos per hectare of irrigable land are based upon 
going values of similar lands within the Republic, — to similar soil, — “wa 
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 Deteinber, 1930.) ‘THE DON MARTIN PROJECT 
is to pay fos of the cost price on signing the contract, the petiainider in not 
to exceed twenty-five years; and, in addition, the annual operation and main-— 
tenance charges 1 necessary for the upkeep of the system and 4% interest on the 
With the listing of the applications by settlers it e increasingly — 
- apparent that a large number of otherwise desirable settlers found it difficult 
to make the initial payment of 5% of the construction payment, and also to. 7 
meet the - numerous additional items of expenses incident to the first season’s | 
< operations. % To meet this condition the President approved a resolution admit- 7 
ting colonists on a rental basis on a sale contract for a term of three years. The > 
7 - contract provides that the colonist pay the Government an annual rental of 20% 
the gross” crop ‘returns for the» use of the lan and the irrigation system; 
: 9% of the gross crop returns for the use of the irrigation system, including | 
the furnishing of the necessary ‘seeds; and 30% of the gross crop returns if the — 
: Commission also furnishes the necessary farm equipment, in addition to the 
It is to be understood that the value of these < crops is to be credited to the 
¢ colonist according to the market prices prevailing (the particular time is prob- 2 


ably subject | to future 1 regulations by the Commission). Thus, if the value of | 
>. Jiils 


the colonist’s een should amount to 15 pesos per hectare (82. 74] per acre), 
($0.91) 
‘the construction. In other words, if the rentter- colonist furnishes 
his own seeds and implements gives his 20% of the gross produce, he is onl 
ited with the prevailing ‘market price therefor from which is de ducted the > 
fet charge of 5 pesos per hectare ($0. 91 per acre) plus a charge of 50 centavos i 
per 1000 cu. m. . ($0. 64 per 100 000 cu. ‘ft. ) of water a to and measured : 
the land. ‘Thus, : an application of 60 ¢ 


7 


the construction charges to. his lot. Bites: 
renter-colonist. further obligates himself to cultivate not less. than (50% 
of the irrigable land contained | within his lot in a manner subject to _ 
approval 0 of. and i in accordance with the technical directions given him by the 
administrators « of the local "experiment ‘farm. If he fails 
total of 10% of the value of the construction cost assessed against his land na 
within ‘the term of three years, his contract is then to be cancelled, and ‘such © 
payment benefits as may have accrued will be given to the settler. 
& Space does not permit of "discussing the e details many of which will 1 have t to | 
be devi eloped in the future as these and new er problems arise. The general 
- statement gives one an idea of the extent t the ] Mexican | Federal ‘Government 2 


is disposed to aid reclamation, which attitude appears to be generously su 

‘The policies thus far pursued by the Presidents 

ing President Calles and so ably supported by ‘the successive Commissions 
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[Papers 
in a material betterment of internal go fax 
to halt emigration and the consequent “neglect of the: resources ‘emaining 
3 undeveloped within the Republic » especially those relating | to agriculture and 


nd construction work described has been 


ering Corporation, S. en CG, under contract with the 


= 


of the ] Commission of | Irrigation appointed | by. ‘the 

_ The original Commission appointed by President Calles was composed of 
fy a Sefiores Francisco. A. Salido, Director, and J avier Sanchez ‘Mejorada and José 
Mares, Members. % During the administration of President Portes Gil, “the 
Commission was” composed of Roberto Gayol, M.. Am. Soe. 0. E, and Sefiores 

_ Gonzalez Gallardo and Gonzélez Robles, with Sr. Ignacio Lépez Ban- 
calari as Director General of the Commission. 

__ The present Commission is composed of Gen. Manuel Perez Trevitio, 
4 (who i is also Secretary « of and Development), Sr. Ban- 


 calari, ‘Executive ‘Director, and Sr. Leopoldo Vasquez, Secretary-Member of 


ae Mr G. - Wei Caldwell i 1 is General Manager for the J. ( G. . White Engineering 


Corporation 8. en C,, and Vv. R. Thorne, Construction Supervisor, 


‘The Commission’s representatives on the project were Sr. Jestis Oropesa, 
Technical Supervisor, who was succeeded i in April, 1929, by Sr. Manuel Ban- 


cealari, 4 Conner, M. Am. Soe. ©. E. 18 Superintendent of Construction; 
Sr. A. _Becerril Colin Assistant until 1930, 
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AMERICAN SOCIETY OF CIVIL ENGINEERS 


This is not responsible for any statement made or kos = 


THE AMERICAN RAILWAY ENGINEERING 


Messrs. Ons Exuis Hovey, anp Henry B. SEAMA “y 
Ons M. Am. Soc. C. E. (by letter).: +The sentence co of 
: Article 300 § reads, “the dead load shall be proportioned for unit stresses 50% 7 
rl greater than those allowed in Article 301.” Bis ‘This: loosely drawn sentence evi- 


a Bin means that the basic tensional unit stress for the dead load stresses shall 


that this tensional unit stress is too t in ‘designing 
new bridges to be built of ordinary structural carbon steel. In special 


in which the dead load i is unusually § great, the unit stress due to combined dead — 
and live load with impact would approach 24 000 Ib. per xr sq. ‘in. ie ald fe ol] la th, 


In its Final Report|| the Special Committee on ‘Stresses in Structural 


recommended of a basic tensional unit stress of 20000 Ib. per a 


7 


ety 


the tensile ‘strength per square inch may vary 55 000 to | 65 000 


2 x The yield point is specified to be not less than 30000 Ib. per sq. in. on If this — os 


™ | *Discussion of the General Specifications for Steel Railway se continued from 
etober, 1930, Proceedings. = = 

Asst. Chf. Engr., Am. Bridge Co., New York, -¥ 

Received by the Secretary, October 11, 1930. 


§ Proceedings, Am. Soc. C. E., December, 1929, and Discussions, p. 2653. 


Loe. oft., March, 1925, Papers and Discussions, Pp. 
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 SEAMAN ON. STEEL RAILWAY BRIDGES 
steel i is s used, the writer prefers to limit the unit “tensional stress to 
18 000 Ib. per sq. in. for bridges. 
Tf and when the specifications for structural steel for bridges is ey to 
* ‘Tequire an ultimate tensile strength of from 60 000 to 72000, with a minimum 


yield point of about 34000 Ib. per sq. in. it would ‘then become pi proper to 


a ewecily a basic tensional unit stress of 20 000 Ib. per sq. in. for such structures, 


4 


— | is the writer’ s opinion that the basic unit stress should be a function of 


igi physical qualities: of the material which is used in a structure, and not 

of the kind « of load which causes: the stresses. In a railway bridge—if the 

probable future live load is when caleulating ‘the stresses, and the 

dynamic increment, called impact, is added, together with the dead load 

‘stresses—the unit stress to be applied to the combined | stress , should i. that 


which is most appropriate for the steel in the structure. 
=Heyry B. SEAMAN, * M. Am. Soo. C. E. E. (by | letter). -The clause which 


_ permits the use of a cnalel stress for dead load is the connecting link between | 
a ‘short- “span and | long- span bridges. _ For short spans it is unimportant, but for 
spans it is indispensable. ‘The dead load is definite in effect, 

a _ About twenty- -five years ago, when the use of steal was in its tile and 

 empentinds: ‘untried, 20.0 kips per sq. in. was considered the highest stress 
to which ; a bridge should | be maintained, | and the permissible ‘increase would 
~ have been 25% ; 3 that i is, from 16.0 kips to 20.0 kips; but the more recent practice, 
justified by an experience of years of maintenance, has placed 24.0 well 
a should be borne in mind that the extreme stress is only attained by a full 

overload, 50% greater than that for which the bridge” is. designed and» that 
for spans in which the dead and live loads are equal, say, 300 ft., ¢ or ‘more, in 

iu length, the greatest stress under the specified loading would not exceed 20.0 
ips per ‘sq. in. , and for the e unloaded bridge the stress would not exceed 12.0 


a - kips per sq. in. For shorter spans, the dead load stresses would be even less. 


Engineers cannot now return to the days when only 10.0 kips per sq. in. was 
- allowed because of i inexperience, but mus e forward according to the light 


am oar «Tf 20.0 Kips, instead of 24.0 kips per sq. in., were now adopted as the limit 


of allowable stress, it might mean the financial embarrassment of many rail- 
i Toads which have long maintained their bridges at 26.0 kips per sq. in, and 
; would be considered eulpably negligent if they were to continue to do so after 
20. 0 kips per ‘sq. in. were adopted as the safe limit : for dead load stress. 3 cus ea 

py 
rr The ultimate strength of the material will ; average more than 60.0 kips | per 
specified to be not less 
tte 
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ae PLASTIC FLOW IN CON CRETE ARCHES 


watt pe ‘By Messrs. G. C. anp A. Fioris 


©. Assoo, Ax. Soo. .C. E. (by letter). a study of the 
ab +i en ‘Or. 


=. ‘effects of time yield or plastic | flow upon concrete arches the following items * 


are of outstanding importance: 


ae The modulus of elasticity of concrete, as determined by the a 
quick loading of laboratory practice, increases progressively with age over a 
period of several months or more. 


“4 (bo) The modulus decreases with : age under sustained loading,§ the : amount 
and rate of decrease being functions: of ti the ratio of applied unit stress to- 


, (ce) The rate of advancing deformation with time for concrete under sus- 


tained loading is also a function of the ratio of applied unit stress to ultimate 
amit strength. - (Experiments | by G. A. Maney, M. Am. Soe. ©. E., indicate _ 
_ that, within the limits of working stress, the increase of deformation with 
4 time, commonly attributed to sustained load, is, in reality, due primoipeliy to 


Repeated applications of stress, within the ultimate each 
unloading being followed by a period of rest—even for a very short period— 
2 the proportional limit of concrete in much the same manner as that of 
_ steel and other metals. A plausible and very interesting explanation of this 
phenomenon has been previously given.{ The stress- strain relation 


becomes a linear one up to a relatively high percentage of the ultimate strength © 


hed 


Bearing these four ‘major points in mind, the ratios of dead load to total 
toad, and of dead load and total load to ultimate | strength, shave definite 


7 -* Discussion of the paper by Lorenz G. Straub, Jun. Am. Soc. C. E., continued from a 
¢ With Portland Cement Assoc., Chicago, Ill. 
Proceedings, Am. Soc. for Testing Materials (1929), p. 695. ai 
and Contracting, June, 1930, p. 234.0 
30, Papers and Discussions, P. 890. 
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FLORIS ON PLASTIC FLOW IN CONCRETE ARCHES Papers, 


should also be borne in ‘mind ‘that plastic flow is ‘accentuated b by 


drying and retarded by moist t curing. This effect is influenced, in turn, by the 7 


initial wetness of the concrete mixture. Excessively v wet mixes are, indubitably, 


responsible for the ‘majority of extreme cases of plastic flow. ? Delayed harden- 


_ ing, due to freezing or or to low temperatures, and | poor aggregates are responsible 


‘The writer’s- attention was” first called to the noticeable effects of plastic 
about seventeen. years ago. Since then he has encountered several 


le cases, but in practically every , instance has been aaa to trace the 


dition back to one of the three causes mentioned. 


Concerning the many statements found i in engineering literature as to the 
ae ‘inelastic properties of conerete, the writer, in his own experiments, has found 


that, generally speaking, for and repeated applications of stress, 
‘perfect elasticity is obtained in ordinarily good concrete up to 40% of = 
“ultimate strength at the age tested. ‘This 40% is a minimum ° value based upon 
coneretes having nominal 28- -day ‘strength of 2 2 000 Ib. per sq. and more, 
and applies from ages as early ¢ as 7 days for concrete having a snitndl 28-day 
8 trength of 3000 Ib. per sq. in., and more. For 2000-Ib. concrete, it has oa 
to apply at an age as early as 14 days. 
e has also fou1 nd that linear relation of : stress to strain up | p toa a very high 
eoneretes on initial as. well as on repeated of stress, ‘the 
centage decreasing with the strength of the concrete, but remaining well 
outside the range of the > working stress for concretes having a nominal 28- veal 
strength of 2000 Ib. per. sq. in., and more. 4 
a 28 days is commonly accepted as a criterion in the adoption of 
. rking stress and elastic properties for design purposes, consideration ‘should 
also be given to the increase of modulus with age and the coincident 1 raising of 
the proportional limit during the process of hydration. 


va Arguing from these premises, it becomes questionable as to whether or 


“design of concrete arches is of practical value. 
A. Ese. (by letter) 4+—Although of 1 masonry in 
"structures: is old, the correct interpretation of their statical behavior is 
a of a comparatively 1 recent date. In the | development o of their theory the French a 


The introduction of the elastic ‘theory in the analysis of masonry arches, 


_ based upon Hooke’s law as an approximation, was a marked advance i in the : 


as concrete arches to long- -span “bridges was 
_ restricted. However, the use of arches with gr great spans is increasing - steadily 
and a more el: elaborate analysis of t their stress —, is highly desirable. ee 


Ma a It is very y gratifying, therefore, that the author, in his pre- eminently able 
analysis indicates further in the design of concrete arches, 


Received October 17, 1930. 
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which ai are 0 
Schiile | exponential law of elastic and deriving 


F experimental d data an exponential law for the plastic flow of the concrete under | 

- sustained stress, Mr. Straub builds a new theory of arches which is a ‘decidedly 
better approximation to the actual stress condition than the method founded 
on the linear distribution of stress, Ww hich disregards the time element. __ ae 


: 


paper will be perfect. t. They can be saapeorred, however, as more information on 
= behavior of the concrete under stress accumulates. ~The remaining theo- 
-yetical part of the author’s analysis, being based upon the logical application of : 


“crete arches wi will be made, but the credit of first developing a more exact theory 
of concrete arches belongs rightly to the author. | The paper deserves the closest 
attention: of the students of concrete arches. 
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There are several 


this paper, namely, the so- -called “forked ,a sloping 

- the crown of the arch, and the subdivision of the arch, where indicated, into — 

4 two or more arch lamine. Furthermore, a simple and convenient ‘method 
given: whereby the arch stresses at the crown and the abutments, | due to uni- 


; “form water pressure or change of temperature, can be computed from the axial a .: 


(cylinder formula) by mere multiplication with a coeflicient to be taken 
vs from diagrams given | in the paper. Similar diagrams are given for coefficients . oP 


computed by the theory of “thick” arches. 


three features deseribed in the paper may be used either Sing, 


entirely, or in combinations of two. arch slightly overhanging i in its upper 
central portion Ww will be found 1 more economical in most cases and will have ‘a 
better distribution of stresses | than an arch dam of ‘the ordinary type Seine 
hs Forked abutments on one or both sides of the arch will be ‘advantageous — 
at most dam sites. _ As mentioned by Mr. Hanna, || they have" been used with 


‘guecess in ‘the Santeetlah Calderwood (arch) Dams; and the ‘Stewart 
Mountain (arch) Dam o1 on the Salt, River, in Arizona, has forked abutments. - a 


The ‘writer agrees W ‘ith Mr. Jorgensen} that in fairly thin dams the arch — 
‘should not be laminated. The greatest benefit from laminating is obtained in ; 


a telatively thick 1 structure. Si — the extent that they are e effective, the lamina- 


as well as in the horizontal arches. a 


- 
itt 

Proceedings, Am. Soc. C. E. ‘September, 1930, Papers and “Discussions, 
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NOETZLI on LAMINATED ARCH DAMS 
_ foundation pressures both under the vertical cantilevers: and, laterally, 


Mr. Jorgensen and Mr. Hanna* appear to place reliance on 
é shear resistance for carrying the load in the lower portions of § an arch dam. — 


Consideration should be g given in this connection to the fact that, at the ) support 
3 of an ordinary cantilever or beam of plain concrete, the shear stresses may be 


- relatively small while the compression or tension stresses from bending may 

be large enough to ‘produce failure. Small shear values a alone, regardless of 
their magnitude, can not be relied on te insure the stability of a . structure, Ss 
88 as a beam, a cantilever, or an arch, unless the tension and compression stresses 


& 


3 ws It is gratifying that, by a different process from the one used by the , writer, ' 
Py rofessor Caint arrived at the same equation from which the coefficients 


Figs. 1t and 2§ were computed. A further check i is furnished by ec comparison 
with Figs. 3|| and 4g for “thick” arches. The writer is in full accord with 


Professor Cain | regarding the desirability of vertical radial contraction joints | 


in arch dams. "Such vertical joints were e purposely omitted i in the Stevenson 
: ~ Creek Experimental ‘Arch Dam for the main reason that it was desired to > test 
= horizontal arch elements which would be continuous from abutment to abut- 


~ ment so as to permit the measurement of continuous strain curves between 
abutments: w without. the presence of disturbing irregularities at such joints. 


_ Although i in the pacar of the experiment several cracks developed i in the dam— 
pa articularly a vertical crack in the center extending about 10. ft. from the 


crest downward and | another crack in in the same vertical plane extending from 


he base upward. for a distance af about 13 ft. —fortunately none of these 


the horizontal strain-gauge line at Elevation 30. ‘The. continuity of 


the strain-gauge line at this elevation, therefore, remained unimpaired. The 
measurement of strains along this line furnished some of the most interesting — 
results of the Test Dam investigation. 


e There i is apparently a a misunderstanding regarding the meaning of the term, 
ib. -shortening” stresses, as used in the derivation of Equations (1) to (5) 


for the total stresses 1 resulting from the shortening of the arch rib, that is, for ; 


direct and bending stresses combined. Professor Cain’s Equation (12) $5 gives 


a ‘Mr. J akobsen}} and Dr. ‘Vogt§§ present interesting computations relative to 
94 the effect o of friction i in the joints between the arch lamine. A ‘certain | amount 


of friction will be unavoidable. It is evident, however, that the worst that 


eke 


could happen i is that the friction would prevent all movement. ' The ‘structure 
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December 19 ON LAMINATED ARCH 
then would act simply as as a solid arch. However, a any aaa in a joint would eee 


4 tend to diminish the arch stresses. The extent of this Te- ~adjustment of stresses 

is in proportion to to the t tangential movement in the joints. . In this « connection rie 
it is of importance to note > that deformations of a laminated + arch due e. 

shrinkage and changes ‘of temperature involve very small radial stresses and, 

nuequentiy, develop very little, if any, _frietion in the joints. For such Sh 

deformations, therefore, an adjustment of the stresses take place a approxi- 

mately as indicated by theory. If water pressure, shrinkage of concrete, and 

change of temperature of the arch occur in combination with each other, as 
must usually be assumed for | the critical stress conditions, ‘the radial pressure ae 


upon the joints remains Practically the same as for water premere alone, while 


A 
= the ‘tendency sliding in the joint. = 


Jd akobsen recommends * the grouting of contraction joints to 
shrinkage of the concrete and to improve the stress ‘conditions in arch 

an . He states that “this method has been used i in connection with a number y 


dams and apparently with ‘considerable success.” The | writer has had occa- 
to. get firet- hand information on, a and, in a a few cases, to be directly 


-deads him to believe that 1 the result of, grouting of contraction joints: in arch 


dams is very uncertain, to say y the least. ‘There is the danger of some portions 


_ of the area of a joint being peer and others not, which results in concentra- an 
tions of pressures over tl the grouted areas when the dam is loaded. ie In the : a 


Pacoima (arch) Dam the quantity | of coment grout forced through the grout 


ae 


: pipes into the contraction joints under a pressure of 100 Ib. per sq. _in. was less — as 


S than what would have been required for filling the pipes. This indicates ‘that fe 


some of the pipes were at least partly clogged by “fines” or other ‘materials 
4 - during the construction of the dam. | Under s such conditions it is very doubtful _ 3 


action in the forked. abutments. "Steel reinforcement placed cross-wise 


é ween the buttress and the gravity wing, as indicated i in Fig. 7,+ will promote 


such monolithic action. — ‘Some extra concrete placed i in the trough between the “hy 


x 
_ and the gravity wing will further improve it. In order to avoid the eae 
- disadvantages due to shrinkage of the concrete, as pointed out by Mr. Werner, 


will be advisable to keep the buttresses as: low and as short as possible, 

far ag the writer knows: no oe has ever been experit need i in arch dams 

Dr. Vogt: refers} to theoretical and experimental deductions 1 which indicate 
hat the e thrust of the uppermost arches is inclined at the abutments. : 


e Since the « crown of the dams shown in the ] paper is sloping, the ‘actual leak 
Carrying arch elements will be ‘inclined downwardly att the abutments -consid- 


* Proceedings, Am. Soc. C. B., May, pa Papers and ere p. 1115. 
t Loc. cit., February, 1930, Papers and Discussions, p. 281. 
cit., August, 1930, Papers 
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erably more than in the dams investigated by Dr. . Vogt. “This is one of the 

important features of the design as it permits: with safety the use of higher — 
forked abutments and consequent shorter radii and spans in the central arch. 
The most economical layout is best determined by trial. For the uppermost 
arches it is of advantage to use a rel&tively long radius and a relatively small 
central angle as to direct the arch thrust “into” the hillside rather than 
- Me parallel to it » with consequential beneficial results as regards the stability = 

{ - the forked abutments. - Fo or practical | reasons s these arches ate thicker than 
would be theoretically “Thecessary, | and, therefore, the central angles need n not be 


y large to ‘sive stresses: within permissible limits. 


might flow toa extent. He belietés ‘dune thin coat of 


paint or some of the other niaterials mentiémed i in the paper will be sufficient . 
to enable movement in the joint leading to at least a partial 1 re- -adjustment | A 


; ‘the arch stresses with consequent beneficial results. The 1 writer is grateful to 
Dr. Vogt* for having emphasized the probability of the up- -stream lamine 


being stressed relatively more and taking « a larger portion of the load _ than the 
down- stream lamine. Dr. Vogt gives as reasons ‘the expansion of the 


eam lamine due to -water- soaking, and a ‘amaller value of “sustained 
- modulus of elasticity” for continuous load on the dry lower lamine. In a 
ary 


“thick” arch of a dam the highest stresses at the ‘abutment intrados. 


Along the entire extrados the stresses are relatively As an example, 

: ider the atch assumed by Mr. Jakobsent for which — = 0. 50 and 2m = 120 
degrees. Assume this arch to be stressed an axial | compression of 250 lb. 
per sq. in. -(eylinder formula) . From Fi igs. 3 and 4, the coefficient, K, for the 


_ ‘The cylinder stress, multiplied with the 2 values, K, gives the tresses in the arch 3 


at the crown and abutment directly, as shown in Table 3. 


‘ 3. 3—-COMPUTATIONS FC FOR ‘Srress. 


Point of arch. pounds Arch stress, in pounds 


(compression) 


(tension) 


Extrados: Abutment.... ‘ 0.88 


4 
$0 


1 olid atch the concrete near the extrados is used very 
inefficiently, the —— being 270 Ib. per sq. in. compression at the crown » and 


* Proceedings, Am. Soc. Cc. E., , August, 1930, ‘Papers and Discussions, p. 1450. 


t Loc. oit., , May, 1980, Papers and Discussions, Pp. ‘1112. 


given values of — and 2¢, was obtained for use in computing the arch stresses, | 
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/LI ON LAMINATED ARCH DAMS Y 


5 lb. per - sq. in. tension at the abutment, while the greatest stress in the arch 

is 630 1b. per sq. in. compression at the abutment intrados. Consequently, he 
Bui 

subdividing such an arch into two or three lamine tends to put more load and 


a correspondingly greater . stress on the 1 up- -stream arch for the reasons given — 


by Dr. Vogt, the results can be only beneficial. Tf, in this example, a drop of oe a4 


of concrete were the comparison would 


be still more strikingly j in in of the laminated type. 
eo € a reliable method of grouting of contraction joints of arch dams were 
smailable the writer would recommend that the joints in the up-stream arch 
be grouted under a higher pressure than those of the down-stream arches. — 
aresult, the up- -stream arch would take more stress and, therefore, carry more 
load than the corresponding parts of the solid arch. Naturally, certain other > 
parts of the arch ‘would be relieved by the same amount of load. Some over-— 
stressing of the up- “stream arch within reason would be beneficial rather than 
detrimental to the safety of the structure. as a whole, inasmuch as it would 
lead to a better distribution of the foundation | pressures because the thru ust. of 
the up- -stream arch would engage | the up-stream portions of the side abutments _ 
vhich in the solid arch are stressed very little and may even be theoretically 
under tension. It also should be borne i in mind that there i is not the oer 
possibility of independent failure of the up-stream arch because it could not 
break through without deflecting and thereby engaging the -down-stream 
arches. _ This, of course, | vould relieve the up-stream arch immediately _ of the 


of the bending rea to rib- temperature top, thse 


and a corresponding greater efficiency of the arch. Mr. Bauman suggests 
the ¢ possibility. of slips between th the Jamine. . For the arch shown in Fig. ‘8t =, - 
maximum ‘movement of 0.06 in. was computed for | a change from no load to | 


full load. It needs a rather vivid imagination to speak of “dam quakes” for 


gives an interesting to the discussion in n the 
of several arch dams in which some of the characteristics of - 
type of dean described by the writer have been used to > advantage. He also calls 


attention. to the - feasibility of an overhang of the arch in an up-stream m direc- 


tion adjacent to the abutments. Hanna expresses: doubt regarding the 
proper transmission of loads across ‘the lamination joints. In this connection, 


itis. of importance to consider that the second lamina will be cast tightly 


Before por pouring the second lamina the adjoining face of the first will be weleinlk 
with asphalt so as to prevent bonding and decrease friction. Nevertheless, the 


two lamine will be j in direct contact with each other at all poin te The effect, 
of shrinkage of the concrete in a transverse direction may tend slightly to 


2 as * Proceedings, Am. Soc. C. E., September, 1930, Papers and Discussions, p. ice a 
t Loc. cit., February, 1930, Papers and Discussions, p. 282. 
it., September, 1930, Papers and ‘Discussions, D. 
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ON L LAMINATED Dams” 

»¥ open = joint, while on ate other hand the overhang of the dam will h hee the 


ee the water to rise slowly in the ‘reservoir. ‘It will exert a a uniform 
pr 


essure against the up- “stream lamina. In the case of two lamine i in contact 
Lista 


: with each other both will deflect equally. If the deflection lines of two » arches 
are of practically identical shape (as are the up-stream and the down-stream 
‘ll lamine of an arch dam), , the loads causing these identical deflections must ; also 
practically identical. The water load on the arch, therefore, is divided 
equally between the two Jamin. If, as assumed by Mr. Hanna, ‘the down- 
stream 2 arch deflected over a certain “@istance more than the up-stream arch, 
A the joint would | open naturally. As: no load ¢ can be transmitted ac across an open 
joint the ‘up- stream ‘arch would have to carry the total water load, while the 
2 -stream arch would be without load over ‘this distance. Two or three 
determinations of of arch deflections under these assumptions will con- 
a even the most skeptical that there is no “possibility ‘of such conditions 
arising. . Therefore, if the joint does not open, the deflections of the two arches 

a 
i —and also the loads and stresses—must t be identical, ‘at least within the limits 
of similarity between the -up-stream and the down- ‘stream arch, writer, 
 dlpalilay is unable to agree with Mr. Hanna* that “the loads on the s secon: 
= dary arches will have different distributions and the deflections of the ‘secondary 


= will not conform accurately to ‘those of the primary arch and to each 


“Mr. Eremin+ cites Professor Timoshenko’s equation for the maximum 
dl pressure bey ond which ‘an arch might buckle. | Thin dams in which — is not 
- more than, say, 0.15, require no laminating and in thick dams is there: will seldom 
‘* need of more than one or two joints, so that the question of buckling will 


 gearcely ever arise in this type of fies 


SR * Proceedings, Am. Soc. C. E., September, 1930, Papers and Discussions, p. 1725. ates 
Loc. cit., October, 1930, Papers and p. 1897. 
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Discussion* 


Society is is ne not responsible for any statement made or opinion expressed 


nt Bon, 


W. Hopas, Am. Soo. C. E 


Henry W. Hosss,t+ Am. Soc. 0. KE. (by letter). t—The discussion of 
this subject has raised the question of the economic justification of inland 
waterway improvement at Federal expense. _ Before the construction of rail- “a 
mays, rivers and canals provided the best, and in ‘many cases the only, means - 
of ‘transportation. They continyed to be the primary means of transportation 


up to about 1860, the early railroads acting mainly as feeders to the waterw ays. 7 
With the extension of the railroads severe competition developed between them © a 


and the waterways, as well as among the different rail lines. n The effect of this 


competition is still seen in the rail rate structure of | the country, with — 
= 

marked discrimination in favor of points with water competition. The im- a 

provement of these earlier waterways was fully justified, as they formed the 


primary means of transportation ‘and were important factors in the devel 


oil In the latter half of the Nineteenth Century there was a period ‘aliitiies many eo 
‘Waterway improvements were authorized, some of which were © of questionable © 


value, To- day, waterway legislation i is probably subjected to more careful study : 


than ; any other ¢ question coming before | In 1902, Congress created 


now submitted for study to an officer of the Corps ahs who is sta- = 


tioned in the general locality, where a “district office is maintained. 


He first 


submits a preliminary examination report, which contains such economic data _ = 
as he is able to collect, -_ a general pects of the locality and the . 


tion, 
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On the Symposium on ait and Water 

itive Secy., Board of Engrs. for Rivers and Harbors, Washington, D. C, 


i 
This report is upon by another 


Beemer of the Corps of Engineers, who, as Division Engineer, has charge of a 
number of districts. The District Engineer’ 8 report, with the comments of the 


eS _ Division Engineer, is next studied by the Board of Engineers for Rivers and 
Harbors. it finds that the proposed improvement appears» "economically 


justified, a field ‘survey is made to determine the cost of the work and such 


features : as appear necessary in “reaching af final conclusion. er The sur- 


vey report is made by the District Engineer, 1 receives the comment of the 


In the office of the Board, and rate 
} clerks assist in working 1 up the information received from tl the District Engineer 
from other sources. includes data concerning the ‘potential com- 
merce and the points of origin and destination of the several commodities. 


ise information of this character is obtained from. the ofa yn of Com- 


on eo same commodities, between the same or equivalent points, Spee the cost 
by y an channel. The transportation: costs: by water include all 


ent. These charges include interest 

and amortization on the investment in channel improvement, and the mainte 

Ay or nance cost, ‘including the operating cost of locks and dams if such works form 

4 i: part. of the project. No account is taken | of ‘savings to th he public resulting 


from any possible rail- rate reduction to water competitive points. The prin- 
cipal traffic of the waterways is made up of bulk ‘commodities, and little con- 


3 

atk ‘The claim that water transportation. is more expensive than rail appears 


te be based on a _ comparison on of water-haulage costs, including carrying charges 
me the improvement, with the average revenue ‘per ton- -mile of the railroads 


aN serving the ‘territory. Taking into consideration the ‘difference in the char- 
; ey acter of t the shipments by water and by ‘rail, and particularly taking account 


of the man veculiarities of, the rail rate structure, it is apparent that such 
a ‘comparison does not. give a correct result. It appears that the only fair way 


0 arrive at the saving in ‘moving a particular commodity by water rather 1 


than by other means is by a direct comparison of the rates on that particular’ 


ommodity between the ‘same or equivalent points. - To illustrate this, the § 1 


"average cost of moving coal on the Monongahela River is about 3 mills per 


-ton- mile, while the rail rate on coal” on ‘parallel roads, for the same average 
haul, is 19 mills per ton- mile. This ton- mile cost on the Monongahela River 
annot be used on _ another stream without: making corrections for channe 


current velocity, distances the origin and destination of 
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HOBBS on AND WATERW 


Inland Waterways from St. Louis, Mo., to New Orleans, La., 


rate of 2 mills per ton- “mile, or $1.30 per ton under the rail rate. eed 
The cost t to the people of the States of making waterway trans-_ 


prices. The savings to due to the er cost of transporting 
raw materials by water, make possible the oe at lower prices of the a 


ire 


Borne of the industries affected. The iron at y be noted — 


Bas 
‘as one of those affected. These ila enter into the construction of 


many things i in general use, ‘such as household utensils and equipment, thereby 
n distributing the benefits to the entire population, 


Ht The cost of ‘moving coal on the Monongahela River has been cited. The 


carrying charges on the of the Monongahela River, based 


on the ton- smileage of 1929, are less than 1} mills per ton- mile, The carrying | 
charges on the improvement of ‘the Ohio River are greater than this at the 
pvot ten time, but will ‘decrease as the traffic in increases. _ Taking the Ohio River 7 
system : asa whole, the total ton- mile 1 movement in 1929 was 2 886 436 000. ' ‘The 
x _ savings on the Monongahela River alone are in excess of the annual charges for 
3 the entire Ohio River system. — The Ohio River improvement , although only 
recently « completed, , already shows 1 returns slightly i in excess of the annual costs. 
= traffic on the system in 1929 totaled 59 ) 537 000 tons, an increase of about — 
7 10.000 000 tons over that for 1925. | The activities s of large concerns, which — ; 
expended many millions of dollars in building towboats and barges, indicate 


the of « commerce on | the Ohio River system will continue 3 


| Great cibis and not including rafted | timber, was 1 70 688 000 tons, an increase _ 
about 35 000 000 tons over The -mileage was 446 712 000; in 


of time to its value asa part of the ‘transportation m system of 
the country, ¢ careful studies are made to ‘determine the justification | for 
i: expenditures made by the Federal Government. m In a a few c cases negative 
have been shown. The Cape Fear River above Wilmington, N has 
Be not shown a profit, as the improvement d does not extend far enough up the river oy 
to give adequate depth at F ayetteville, the center of the principal tributary 

id area. The St. Johns River, in Florida, between. Jacksonville al Palatka, 

s shows a small deficit, although the section of ‘the s same river between Palatka 

_ and Lake Harney. shows, a large profit. The only stream on which a consider- 
able deficit has been show n is the Warrior River, in Alabama. . Water trans- J 
portation « on this stream was handic: apped for a number of yea years by an die 
division of rates between en the rail an and water carriers. Considered | as a whole 


waterways of the « return each ye year, in reduced transportation costs, 
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such States have increased greatly since 1923, Federal rates of taxation have been | 7 
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dak nility of service is an length of the navi- 

gable season on the | Great Lakes is about eight months. During the cloned 

it has not been found necessary to continue shipments of the principal , 

commodities. by rail. Large quantities of these bulk commodities are stored 
Ps during the navigation season to preclude the necessity for such movements at. 


higher cost during the closed season. The e Ohio River i is now open to naviga-— 


tion throughout the “year, being subject in general ‘unimportant delays” 

as averaging not to exceed ten days annually. — Such delays are not of serious — 

importance on transportation lanes carrying bulk commodities and 
instances can be cited where eee is made more pr omptly by 1 water than by 


Some of freight move most cheaply water, others rail, and 

others by motor truck. greatest economy 0 of transportation can be obtained 

by a proper co-ordination of these various means of transportation. | It would be 


esi loss to do away with the cheaper forms of transportation, whether 7 


it be by waterway, by railroad, or by truck, i in favor of movement at higher” 
cost over any other of these facilities. An ideal condition would pr provide for 


shipments, by the various routes, of the particular commodities best suited for 
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‘This is for any statement made or opinion expressed 
AND INTENSITY OF EXCESSIVE | 


JARVIS, AND. “Minton F. WaGNITz AND Lewis C. Witcox 


Ss. Tanvisyt M. Am. Soo. ©. E. (by letter -+—The author has set forth 


and concentration, comparable with the well- known process developed by the 


“mining industry, will the greatest values of such ‘records be made available. 


While discoveries or observations locate and define the immense volumes in 


= values may be found, the - processes of reduction and ‘Separation | bring 


pot Some of the quantities displayed in Fig. 1§ are re- -arranged in Table 3. a 


Je 


ACHUSETTS. 


Gt 


8 
3 
| 0.63 


: 
| 2 

0. 


— 


century. is about double - that of a ‘0-year period, or four times that of ron 
frequency. Conversely, a 10-year maximum intensity i is to that af a I-year fre- 


* Discussion of the paper by Ww. Sherman, M. 
Prin. Hydr. Engr., U. S. Engr. office, War Dept., Washington, 


t Received by the Secretary, August 7, 1930. 
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Oxi double ‘that a 


; tion the is ‘that the 1 000-3 -year maximum nani be the 


intensity li listed Table 3 3 recorded for a century, for each designated d pe ri 


whether for minutes, hours, or for a day. 
Examining columns of Table 2 it is apparent that the su 


<a 
This is quite in ite a with the usual rainfall habits i in temperite zones, 
The: first few drops serve as a warning even though the sky may be bright o or 


only slightly ‘cloudy overhead. _ As the storm cloud advances the curtain of ‘rain 
often’ inclines a considerable angle, « or whips about ‘similarly to w rindow 


Loser, the | brief intermittent ‘squalls are displaced either by a steady 


ia downpour, or by a a period of calm “succeeding the storm, depending on the 
location of the atmospheric: disturbance. its duration, and the path described. 


is: re- assuring to. find some semblance of consistency even among habits: 
proverbially regarded as fitful and uncertain, such as those displayed by  rain- 
fall. The author has performed a lasting service | by his } presentation of the 


“Mitton F. Waenitz,t M. Am. Soc. C. E. Cc. W ILCOXEN Assoc. M 


ie Soc. C. E. (by letter). §—This paper is of particular importance. It estab- 
lishes a basis by which the. rainfall characteristics 0 of different parts of the 


United States. may be compared, and paves the way for determining the ad 


‘The writers’ discussion i is limit 


= results ‘obtained are «decidedly worth the labor. vainfall date used 


are those of the U. S. We ather Bureau Station, situated on the — 
Building, in Detroit. The records cover the | 30-year period from 1896 to 192 


> 


a4) 


= >= 


= 


Storm Intensity = 7 


4 i Records of excessive 2 storms were tabulated ts standard methods, that is, the 
period ‘rates each storm were with the period of 

Pas maximum intensity. _ The periods taken were 5 , 10, 15, 20, 30, 45, 60, | 80, 100, 

120, 150, 180, 210, 240, 270, 300, and 360 min. Intensities which were lower 

_ than those of succeeding periods were tabulated on the principle of extended 

> ee duration, ‘that i is, the period of low edited with the rate of the 

higher period. The 1- your storm was taken as that hypothetical 
- storm, the period intensities of which were equalled or exceeded thirty times. 

The 2-year storm is the one the period intensities of. which were equalled or 


ott 
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7 a 50-year maximum Is 5-year maximum; and, 
&g 
“min. Intervals, respectively, are nearly 9.0, 5, 9, 9.0, IU, and 6.5 times 
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explanation of these data will be made. The statistical method used will also 
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this basis are shown on Fig. 
progressively irregular. 4 ‘This, course, shouldbe expected since 
the 
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Duration of Storm i in Minutes = t 

a used In fitting a sy wen | of curves to teams: data, it is believed that the importance ~ 
ajestic a each frequency eurve should be w eighted, according to the number of 
o 1925, storms by which it w was determined. The determination of the weighted 


average frequency curve was, therefore, the first step in the analysis. 


is, the : In the logarithmic form, Equation (D* (which is the general curve to be. 
riod of fitted) becomes log i = = log K+ dlog (t + b). A value of 6 was first ‘assumed 
30, 100, for b, and K and d were determined by least squares. The for 
xtended eters log i = nlog K + d& [log 


the resulting equation is: 


roceedings, Am. Soc. E., 72 
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By the same method, Equation (1) was solved assuming, successive ‘ly, 


b = 7; bi = 8; and bie = 9. In the resulting equations the corresponding v values 


BS The relative worth of these cations i de is by finding the squares of 


determined (see Table 4). The squares: errors are 
: "plotted in Fig. It will be noted that they are a minimum between b=8 


and b and ve very close to b = Based on the 30-year the 
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0.8868 
fe 0.8482 
0.8554 
= 8822 
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tot 


Fitting the curve, K = these data by least squares gives: 


To : summarize ze the of this analysis, it would appear: 

a 1—That the use of the least | ‘squares method for analysis of the data is 


a. 2.- —That the Detroit rainfall curve | has « a | different ‘rate of change: from that 
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8.—That the relations of the intensities of the different frequency 
almost exactly t the same for Boston and Detroit, and, hance, this 

bea univ ersal law. 


TABLE -Frequ ENCY Constants FOR Derroit ALL 


VALUES 0 OF ov K (= 87.6 0.208), 


one 


actual K. 
— 


Frequency, 


4—That because this _—- relation may may be t univ versal it seems like 7 
that, if rainfall data were available. covering a "more extended period, the 
empirical rainfall curves: of Det Detroit w rould more closely fi fit the ¢ curves herewith 


a That the data from other districts should be analyzed in order to verify 
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PAPERS ANI N DISCUSSI O NS 


This Society is not responsible for any prereeverny made or ‘opinion expressed nail 


THE L AO Bi 


B. Ox M. Am. Soc. 6. ten experi- 


menting the Lower Li tiao’ River Conservancy Board has finally : succeeded in 


obtaining about 3 ft. of additional depth in the channel by means of a a ‘single 7 
jetty across the Liao Bar. . The results are praiseworthy. The writer agrees 


with the author as to the importance of utilizing the flow of the tides for their — 


scouring effects especially. since that flow is great enough | guided by a 
jetty. In the» case of the Liao River, the s scouring i is is due mostly 


rather” than the natural “flow of the river. Across this bar, for 
ex xample, the flow is about 210000 cu. ft. “per § sec., , which, is more | ten 


times that of the fresh- -water discharge fi from the stream itself. 
Furthermore, ‘unless: the Upper Liao River is improved ' the 


onstruction | of dikes, levees, and other forms of. bank protection there is not 


much hope of controlling t the river flow as a scouring medium acr Oss | the bar. 


The improvements that would be cnecessary should be constructed along the 
well-established principles of good engineering » contrasting this respect 


river banks to. construct levees that are almost useless in times. of, great 


floods. At present, much of the river flow is naturally impounded on the low | 
“fat farm lands in the valley, due to ubiquitous breaks of the poorly located 


levees mentioned in case of flood. is then released so gradually that any 
4 flushing” effect. that would be brought about by periods of maximum flow is 


considerably reduced. — < Under conditions as they exist at present it will r require : 
centuries for China to undertake these necessary improvements = the Upper ‘ 


“1080 -* Discussion of the paper by P. N. Fawcett, M. Am. Soc. C. E., continued from October, 
c last it Formerly Engr. in Chf. to ‘Upper Liao River Conservancy Board, Newchwang, n 

Proceedings, Am. Soc. C E., May, 1930, and Discussions, Pp. and 942. 


with the present system of ‘permitting the farmers who own the lands along am 
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OKAZAKI ON TRAINING WALL ACROSS LIAO BAR. (Papers, 


The present t Conservancy B Board d does n not have the necessary resources and, 


- therefore, it must continue to depend v upon tidal action | for the proper mi: ain. 


tenance of depth i in the - navig able channel. i Before the relative importance of 


tidal flow as compared t to river flow was generally recognized, members of the 


Ait 
Liao River Conservancy 1] Boards were generally of the opinion that all the 


flood water from the Upper Liao River should be reverted so as to pass the 


Port of Newchwang. Much of the 1 river flow had prev viously been by-passed 


away from Newchwa ing through | the Shuang-tai-tzu Channel. branch 


broke through i in 1890, eighty . miles up stream from Newchwa yang, and empties 


into the Gulf of Liao- tung in 1 the 1 vicinity ‘of Pan-shen-hsien | (Fig. 10) ‘many 


: miles: to the westward. _ Practically t three- ‘fourths of the entire discharge of the 
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i. 


"movable weir across the tai- tzu Channel at Ethel a0- -chiao, fifteen 


= 


-chiao to Chia-s tsu. The cross- -section of this canal was 
only” to carry the —ordit nary, low- -water discharge of the ‘Upper Lia 


Aas 


However, with | the excavated material built: up as levees 400 ft. from the 

center line on each side, provision w jas made to meet the demands of part of — 


the flood discharge to be e expected. 
The object of by the 


3 
Na Board—working i in co- operation with 1 the Lower Liao » River C Conservancy Board — 
a as outlined by Mr. Faw cett and the w riter— was @ to recover the inland trade _ 


— 


‘carried by junks; (2) to facilitate navigation in the vicinity of Newchwang _ 


e in general ; and (3) to supplement the scouring force of the tides across Liao - ’ 


Bar with the natural discharge of the river. 


At the time these proposed improvements w ere begun, the w riter began 
‘making: several hydraulic investigations. soon discovered. ‘that, despite 
the great extent the drainage area. contributing: to the river flow, the 

a maximum ‘flood discharge at Tan-chia- -wo- “pu is only a about 60 000 cu. ft. per 

Comparing this with ‘the 210000 eu. ft. “per sec. of tidal flow at the 


ar, the relative importance of these two sources of natural ‘power tap ll 


expend and 1 money necessary improving a supply that would be 
relatively unimportant at best. Ita was decided that in order to be ec 

s well as successful from an n engineering point of view the improvement of . 
the fresh-water have to await that of ‘the entire river course on on ¥ 
Aside from oo foregoing considerations, there i is another factor to be con- 


sidered in any plan for 1 utilizing the fresh-water flow. The Liao River may a a ie 3 
classed | as one of the muddiest rivers in the world. During 

‘made extensive silt determinations at various places along Liao River 
proper. Average determinations for each of the twelve months were made 
surface, mid- depth, bottom elevations. summary of the 
is presented in Table 1: in which the a average silt content for the entire sec- 
tion is given at each station. ashy By comparing the silt content of the main « ag 

‘Shwantaiteu River v with that of the tributaries (Taitzuho and Hunho) cor com “a 
_ bined, it is seen n that the latter carries far less i in suspension than the former. © 


ae Therefore, ‘it is clear that if more w water is turned back into the Liao River 


£ 3 proper the silt content of this stream would be considerably increased, thus 4 


_ transporting to the b bar much more sediment than is being brought by the — ; 
_ -water flow and removed d by the force of both tidal and fresh-water flow G 


other words, if ‘the fresh-water flow is to be increased for its scouring 


effect on the bar, this should be done so as to exclude. as much of the silt as 


per it would be advisable to spend it in removing | many 1y of the sharp bends 
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_ the tide and to shorten the navigable distance from the Gulf of Liao-Tung to 


old New rchwang (not new New ‘chwang where the present port is situated). oe 


TABLE 1.—Mon’ THLY RAGE | PERCENTAGE oF Si, APRIL IL, 1925, To 


ao ‘igures denote grammes of silt per 100 grammes of water. 


and river. werk 


April. 
June. 
July. 

E August. 
. || 
February. 
March. 
Monthly 
average. 


’ 


September. || 
January 


Liao above e Tange hiawo opu.. 

Liao below Tangchiawopu 

Shuangtaitzu below Tangchi-| 
 awopu 
Liao above Sanchiaho 
Liao below Sanchiaho 0. 191 0. 133 
Taitzuho at Sanchiaho .........'0.085 0.042/0.251\0- .008 
Shuangtaitzu at Erhtaochiao.. 068/0.024|0. ‘031 6.015\0. 039 0. 315, 
Liao at Chiashintzu 0 151/0.217|0.256 0.323 0.068/0.059/0.160/0. 0.045/0. -021 0.135 


The original plan improvement of the Upper. River 


_ tically completed and that f for the Lower River, as described by Mr. Faweett, 
will be completed in a few years, after obtaining” the proper type of dredge 


for maintenance work. Then the trade of China 1a should be be promoted by taking 


advantage of the benefits derived from works of ‘such magnitude and im- 
portance those of the Upper and Lower Liao River -Conserva ancy Districts. 
The ‘immediate need i is not | so much to utilize the riv er flow as it is to appreciate 

fully the scouring effect of the tidal “currents. This is the ‘most. important | 
phase of the problem and should be accomplished with a | view to “maintaining 

a channel across the bar by means of dredges and the single training wall (as 


"suggested by the author*). the tidal currents should be utilized, 


os 


‘Tti is ‘that the submit a method of computing the quantity 
f silt deposits before selecting equipment for dredging and maintaining a a 
—14-ft. channel alongside and beyond the end of the training wall and also to 
give estimate of what fraction of the entire job i in view is capable of being done 
by the small dredge w hich was recently purchased by the Conservancy. 
Furthermore, the writer “would like to suggest that Mr. Faweett give the 


heights of the waves that occ occur inv the vicinity of the bar. If there are 0 


data available perhaps the author could give some estimates based on 


his long experience. Is there any information available « concerning the prob- 
= extent that storms | and — sea i disturbances would damage the bed of the 


> 


rae 


4 
q 
ay 
| 
— 
‘ 
a 
— 
= 
+ 
— 


e. 


averagr 


Monthly 


rtant 
ining 


It is wet less than 30 min. is saved in ‘traveling over 


PAPERS AND 
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Mrssns. NINE, Haroun M. Lewis, bison 
Jonannesson,t+ M. Am. Soc. ©. E. (by letter).: +—The author states that 
“the highw ay considered in his paper will cost from $3 000 000 to $5 000 000 
“per mile.§ When the length of such highway is measured in n miles rather than ; 
in feet, the total expenditure becomes so ) great that the first reaction is likely 
2 be expressed in the question : : Is it worth its cost ? An affirmative answer 


is given in the pa paper, cote _ is s of sufficient importance to warrant a re- tate- 


fa The ultimate purpose nef the ebiieeaiats to decrease the cost of transporta- 
tion: of people and merchandise between the points served by it. This might — 
also be expressed in other terms; for example, it might be said that the reason ~ 


- ie — the highway i is to relieve the congestion of existing traffic facilities 


= new highway from the Holland T unnel Plaza in Jersey City to the airport at aa 
Avenue, Newark. Using the data given in the pa paper, the trafic is 
timated at 18 360 000 vehicles per annum|| and is valued at 2 2 cents per car- 


min, 7 Therefore, ‘the capitalized value of the savings in cost of transporta- 
would be $183 600 000, or, say, $23 000 000 per mile of highway. It is 
- apparent, therefore, that an expenditure of $3 000 000 to $5 000 000 is entirely 


5] - justifiable, because it permits a saving several times the cost of construction. | 
p 
Bey  * Discussion of the paper by Fred Lavis, M. Am. Soc. C. E., continued from October, 
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‘The « determination of the : feasibility of a new highway ou ld properly be ae 
based on an economic balance between the cost of producing the new facilities | 3 
the ‘saving gained by them in ¢ cost of transpor rtation. Generally speaking, 
this is directly proportional the volume of tr affic. Consequently, the 


amount of money that may be spent ; economically on new highway projects is 


wr. 


directly proportional to the volume of traffic. When t the traffic i is heavy, as in 
‘the case considered by Mr. Lavis, this amount may often be found to be 


D. P. Krywine,* M. Am. Soc. ©. E. (by letter).|—Modern technology 
economics are intimately bound Ee this statement is perhaps more true 
‘ of Highway Engineering than of any other ‘technical branch since the cost of 
a a product moving from the producer tow ard the consumer, is often consider- z 
i increased by bad | road conditions. Consequently, the ‘necessity of an 


“economic design” arises, that is, a design in which ‘the: needs of acngaiall 


& 


_ 


= 


— 


Aeron engineers build roads i in n practically all Darts of the 


economic features a given region in order to be able to 


:  iItn may be observed that, in its economic development, a country or a region — 
passes through ‘the stages of being: (a) A colony or undeveloped country, such 
a. America was about 1730; (b) a developed country, such as America in 1890 
. 7 or 1900; and, (c) a congested area, such as New Jersey | or New York at the 

aia Each of these three steps may be found in different countries | vel this « epoe ch. i 
In the beginning of Period (a) there are practically no roads in a country 
_ a region. _ Gradually, lanes or earth roads appear that satisfy the elementary 
‘needs of the settlers. The road system develops little by little, being adapted 
aS to the demands of growing industries. _ However, such a a development of a at | 
system involves technical errors » especially in properly sé selecting the right 
way; and often ‘subsequent generations are obliged to waste considerable e sums 


cola such a situation as that which n existed a about bie: centuries or 
“more ago, when road experts had but poor ideas concerning highway technique 
_ and economics, cannot be tolerated to-day. A highway designer w who deals with he 


the road system in an undeveloped country, should prepare comprehensive 


= plan of construction. A thorough economic study of the - region must precede — 7 + 
_ any technical road survey; the existing volume of traffic should be determined, , _ 
and the future volume should be estimated. Then, a proper type of each link of 
the system should be selected, almost in the same manner. as is” done bya ths 
structural engineer when determining cross-sections of a bridge according to 
wits 
the .e expected stresses. In highway « design the stresses correspond to the volume 
the traffic, and the cross- sections to the type of the road. 
ss It must be borne in mind that in an undeveloped country, or region t ‘the eg ‘ia 
system is a powerful means of controlling the developmen t of industries, 
Research Associate in Soil Mechanics, Dept. of Civ. Eng., Yale Univ., New Haven, 
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anda foreign consulting engineer « called to w work in ‘the design of suc a road 
sys e , Should | have a series of ¢ conferences with | Government « officials — and 


aq. thi 


appear and, cede their réle. of a means of 
through transpor tation. Thus, opens an epoch during which many (perhaps 
majority) of roads and merely municipal features like the 
‘The third stage is that so brilliantly + described by Mr. Lavis. The con- 
struction: of Route 25 in New Jersey i is an introduction into the transportation 
os a new kind of link that i is something between “highway” and ‘ ‘rail- . 
This new member of the transportation family may be called “supers 
or “autostrade”, as in Italy. Incidentally, Italy has constructed 
the following autostrades to date: (1) From Milan to Lakes ‘Maggiore aed 
Como; length, about 60 miles; width, 33 and 52 ft.; (2) from Rome to Ostia 
a short distance) ; ; and » (8) from Naples to Pompeii (a short distance), ct 


a vast program is under construction and consideration. wie: 

Haroup M. Lewis,t+ M. Am. Rev. (by letter). t—The author has 
described a modern highway as one W hich j is designed with low grades and cur- 
vature and with a maximum elimination of delays from crossings of inter- 


‘secting waterways, ‘main highways ays, and local streets. Such is the “express 
a highway” which has come to have. an important place i in the design for high- 7 
way transportation in any large metropolitan area. New J ersey State Highway 
es Route No. 25 was a pioneer project in such construction and has fully justified a 


the faith of those who designed it, 


f ie Types of Express ‘Highways. —That ‘ ‘express highways” are needed seems to 
be admissible without further discussion, but just: what form such routes should 


I: take and what their relation should be to the other parts of the highway system © 7 


further st study. That there ‘are various of such problems i is shown by 
available. The “ super- -highw ays” radiating out from Detroit, 
Mich. on 204- ft. ‘rights of way illustrate a type which combines the 
highway with a main ar tery for rail transportation, facilities for local 
es and the intensive, deve elopment for business" ‘purposes s of most of the fronting 
property. West Side Elevated Highway 1 under construction along the 
Hudson water-front of Manhattan, in New York City, 1 utilizes a portion 
ciel of | the air rights" above the wide open space composed partly of public streets be 
the and partly of the marginal wharf or place under the jurisdiction of the Dock 2 “ 
Department. The space beneath this highway will still be available for street 


traffic, except | where ramps interfere. Ih no other place in Manhattan: could 4 
a 


i. and to the development of the adjoining land are questions requiring still 


an elevated highway have been without acquiring large | areas, 
vol Paying ; damages to abutting buildings for taking away their light and air. fs4 


Cons. Engr. Regional Plan of" New ‘York Its Environs, s, I 
October 31, 1930. - ‘site Oe DIE. 
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_ The City of | Chicago has proposed an Avondale Super-h -highway, 10 miles — 
long from the heart. of the city to its northwestern limits. This high- 
way would parallel the trac ‘ks of the Chicago and North Western Railroad and : 
would be elevated above the nor ‘mal ‘street system to which connections would | 
be provided a at interv rvals of about 1 mile, planned — so that left- hand turns. 
would be unnecessary. ni There would be an adjacent local low-level street, — 
50 wide, for 9 of the 10 miles of the 
hattan to be as an of a ‘town ‘tunnel ‘under 
the East River and to connect with a second vehicular tunnel under the Hudson 
River projected by the Port of New York Authority. ‘This express highw ay 
will be a deep-level - tunnel beneath all existing or projected rapid 
transit subw: ays and will | have no connections with the street system, except 
at the two. ends—one near Second Avenue on on the Fast Side and the eel 
eid In Westchester County, New ‘the County Park Commission has 
ta planned an express highws ay for general traffic, to be constructed on a new right 
of way roughly parallel to the New York, New Haven, and Hartford peed 
‘The right of way has been acquired, ‘but to date construction has not been 


In the Detroit District 40-ft. “elevated “express ‘toll | highway has been 
above the Detroit-Pontiac L ine of the Grand Trunk Western Rail- 4 


way of the Canadian National System, as part of a $100 000 000° ee | 


ibid and improvement program. The roadway would be 40 ft. above the rails, | “ 
intersecting highways Ww ould cross on an intermediate level between the 


ry railroad and highway. “Tt is proposed to build the highway in sections and — 


The foregoing examples the various forms: which express high- 


ays are taking. In addition, there is the ‘ “parkway” which may provide an : 


“express” highway restricted to passenger car traffic. Not all parkways may — 


actually be ‘express highways as some are primarily local recreational 
purposes, but when— the case of the Bronx River, Saw Mill River, and 
Hutchinson River  Parkways, Westchester County, N ew York—they form 


main highways to or from. metropolitan centers, they are closely related to such 
— traffic highways as those discussed herein. 
Proposed Express Highway System for New Y ‘ork /Region— 


ays Regional Plan prepared for New York and Its Environs included a -compre- re 
hensive system of express highways, of which New Jersey State Highway Route 


ee’ 25, and the West Side Elevated Highway and the cross-t town tunnel in 


geographical complications, it might not be 1 necessary for the « express highway 


= ss the main business center, but. only to skirt its edge. In this + 


“case, however, two lines were shown across the main center in Southern ‘Man- 


; be hattan. One of these utilized the Holland Tunnel and the other the projected 


North and south r routes were on both ‘the 3 main water- fionts of 


Manhattan, form important parts. smaller regions, those with less 
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and a fifth route through Brooklyn and Queens Boroughs | parallel to the Bast 
total of six radial routes was shown, only one of which (the route 
i described by Mr. Lav is) was extended to the edge of the Region. a. J Route No. 25 
officially projected to Philadelphia, F The other five routes extended 
i. out from. 20 to 25 miles from the ‘metropolitan center. Fig. 10 shows two 
additional express highw ays now ‘proposed by the New ‘State 


Department. . One of these is a branch of Route No. 25 ; Girongh the center of — 
Newark, the other would lead to the west across the congested areas of Essex 
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Costs.- _'The cost of such a highway through 
oped a areas of high land values is tremendous, particularly if it becomes neces- 
sary to locate it it entirely above or below the level of the existing street systems. Sen 
: In suburban territory, an express route may follow the surface of the ground ae 
3 throughout mo: st of its length, and grade separations may be installed only at. et 


the x main intersecting ahh secondary streets can terminate 1 in part at | the 


boulevards 0 or streets. comparative “costs of different 
of streets are shown in Table 4 by for units of a mile in length. ol 
idea is evident from Table 4 that an express highway or wide parkway may b be . r 


prtenb fo the less intensiv ely developed sections of a city for only a fraction a 
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ON HIGHWAY TRANSPORTATION apers, 
“important districts. It also” appears that the same expenditure may 


‘ provide sev eral | times the mileage of a w ide | boulevard constructed at the grade 
a the adjoining street system as may be supplied <j the funds are spent for a an 


express highwé ay ith completely separated g rades. This does not ‘mean that 
ee the express highwa ay is not justified, but the writer believe es : that the decision as 
_ x to the type and location of highw: ay to be constructed, ‘must be based on a careful. 
_ comparison of ‘the different possibilities. 5 The efficient design of street, inter- 


sections requires - further Peart and offers a field of research that still 


nt —In many eases, a ompletely developed express 
highw: ay may be an an ultimate requirement, but the immediate demands m: may be 
Wy met by a progressive system of construction. Certain grade separations may 
cs well be left until a ‘more intensive development has ‘taken place - in the land 
fronting on a new route, provided the later structures are laid out at the start 

and the necessary real estate is acquired. A progressive ‘method of dev eloping 

:  - elevated highway, in a wide right of way, , is illustrated in Fig. 11. _ The 


sections, Fig. 11(e), Fig. 11(d), and Fig. 11(e) show the widening of aD 


existing road with prov for an elevated 1 motor- truck drivev eway increased 
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route and for r any 1 turning traffic betwe een them, is provided by the “clove rer-leat” 
- interseetion : as used on New Jersey State Route No. 25, at Woodbridge. e. This 


howe ever, is extravagant of space except in undeveloped country and cannot = 
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4 Yow, ae is noted that only five traffic lanes are provided on this highway. While id 

=| 

Revertheless, the writer believes: that an odd number can be provided with 


~ be used in business areas. S. A single grade separation and the u use of adjoining © 
streets, however, may approximate the same results i in a built- “up area. A — 


- gestion for such ¢ a solution has been developed by the Regional Plan of New — 


ork and Its En irons and i iS ho OW n in Fi 1 


The traffic: eirele is a solution of intersections: that may be the only one 


“feasible where several. radiating routes of “comparatively equal importance 


intersect. For an intersection of only two routes the writer feels that it will 
seldom bes ‘satisfactory. — *. he substitution of | a rectangular area for the circle, ite 


the long axis parallel to the two intersecting highways, offers 
: a far better solution. Studies for such | intersections have been made by Mr. 


. Fritz Malcher.* | They might well provide ; a temporary solution at some inter- 


section roo and a permanent one at points of only secondary importance. | 


‘Dowats D Baker vt M. Am. Soc. (by letter). Highway y planning, 
like e other } phases of. planning, is. ‘rapidly appro roaching a more or les 


ing this problem ‘is not original, he is, however, to be complimented 4 for 7 
ene 
applying the approach to the design of ‘such a structure from an economic 


5 point of view , as | described in his paper. Tt is hoped that this will be an 
"incentive for more experimental work to determine the values of the different | 


elements entering into such a project, which can be applied to future cases. 


_ There i is no question but that super- “highways, such as that described cll 
r. Lav is, will be built in the future in a. number of the large ger, American’ 
a Each | project, however, will have to be developed only after a sini - 


of economics, and also of the method of financing. Such highways, far 


pone financing plan c care © should be ta taken not to overlook the fact that if these * 


highways do relieve the local street systems, residents serve ed by s such local | 
streets may be saved 1 large f future improvement | costs and could reasonably be 


~ expected to contribute some » small percentage toward the cost of such highways. 


this is contrary to the standard practice of creating an even number of lanes, ors 


considerable saving in construction and right-of-way costs, under the following — q an 


—Where the peak traffic in h directions is not of equal 
—W here there is a great degree of diversity in the character of traffic, 


as many high-speed vehicles and many slow-moving trucks. 


Pad the first condition traffic studies often show that during ‘morning or eve ny 


one direction will amount to from 150 to 200% of that 
in the other: direction. in this case the odd- ta can be used to 


he *The American City, September and October, 1929, and August, 1930. eek 


Cons. Engr.; Pres., Board of City Planning Commrs., Los os Angeles, Calif. 
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‘BAKER 0 HIGHWAY TRANSPORTATION 


oy of this occurs at another time of day, the odd-numbered lane may be ‘used 
for in other direction. A I little education is sufficient to 


under these conditions a an ever en 
number of lanes may represent useless expenditure. 


GALLUS 


_ Under the second condition in which, say, three or five lanes are pro- 
vided (particularly three lanes), heavy slow-moving vehicles must be passed 
by 1 faster and lighter vehicles and the existence of an extra lane used only 


such passage will greatly expedite the traffic. 


This all points t to the fact that, before right- “a -w vay and paving widths 
are definitely determined, a careful study of existing and prospective traf 


should be made, in order to find out whether the extra lane necessary to 


furnish an odd number of traffieways is is, or will be, necessary. __ gle no 
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TESTS OF BROAD-CRESTED WEIRS 


Discussion* 


ate 4) 


By Messrs. SHerMAN M. . AND Davi L. YARNELL oss 


SHERMAN ‘Woopwarp,t M. Am. Soo. C. E. (by letter). {—Whenever ff flow 


is near the « eritical depth and critical velocity, the depth is in a condition of 


peculiar 1 w nsteadiness, leading easily to the formation of standing waves 


some very § slight: disturbing: factor. On this account, it will 


-— diffieult to devise : any - arrangement of the channel which will insure that at. 
prescribed point the depth shall be exactly the critical depth. This state 


of uncertainty does not extend, how ever, to the quantity, of flow, since for. Me 


given total head it is at a maximum value during: critical flow, and, 
independent of slight changes in depth. The result is that the very 


é conditions which are most unfavorable for an experimental measurement of 
critical depth are most favorable for the prediction of quantity of flow. 


_ Compared with many other hydraulic phenomena, the flow over weirn is 


nearer stream-line flow and is, therefore, relatively more stable and less sub- _ 


ject to accidental and erratic disturbance. Through a careful exploration of 


over the weir “crest ‘it 


4 may be expected that the effect of each separate factor influencing the flow 


ean be determined. After such an analysis it may | be possible to know how the 


crest, by the nature of the exit conditions from the crest. The phenomena 


flow over the weir is influenced by the shape and angles of the approach 


: 
f ‘channel, by the dimensions and curvature of the crest, by the friction on the 


‘are particularly well adapted to study by the laws of similarity. 


The ideal should be to accumulate experimental data” ‘sufficiently com- 


Prehensive and precise so that the exact flow over any full-sized overflow weir 

be predicted in advance of its construction. The author and Professor 


— Webbs have made a most commendable contribution toward the realization of 


© Discussion of the paper by James G. Woodburn, Assoc. M. Am. Soc. C. E. 
_ + Prof. of Mechanics and Hydraulics, State Univ. of Iowa, Iowa City, Iowa. oe ade ilies 
Received by the Secretary, November 11,1930. 
Am. Soc. C. E., September, 1930, Papers and Disousistons, 1604 


pro- 
ssed 

1 
raffic | 

— 

a 

=) } 

om 

— 
— 

= 


ARNELL ON TESTS OF BROAD-CRESTED WEIRS 


cinating questions, and it is 


it will be followed by studies. ' This field appears to be 


larly favorable e studies pi to. 


Dav L YARNELL,* AM. Soc. EK. ae t—This paper presents 
interesting data on various types ves of broad-crested weirs regard 


coefficients of discharge and the location of the critical depth. pee 


‘During 1929 the Bureau of Public Roads, in co- -operation with 
‘State, University of Iowa, condue ted of “experi nents on flow of 4 


ruse in 
ater over such embankments. 


-Full-sized sections of single and double ay ; embankments, 10 ft. 


were built. in the testing canal. WwW ith the rails removed 


The single railway ay test embankment with removed is shown in 


Fig. 138 (a). Profiles of the water | surface are shown for free flow for quantities 


of from 12 to 78 cu. ‘ft. per sec. _ The position of critics ‘al depth (indicated by 


al ircles) has been « con mputed for each quantity of flow. od It will be noted that, 


with certain gies , the loet us of critical ‘depth i is approximately a vertical 


line. _ Fig. 13 (b) sl 1ows a check series of tests run on the same embankment | 


. 
a depth» was again found to be practic cally a vertical, as is also the case in Fig. 
13 (c) which 1 shows ¢ a ‘seri ies of tests on a double- ‘track railway 
“ (with rails removed) for quantities of flow al from Wd to 74 cu. ft. per se sec. 


pt. ‘The w ater-surface profiles were obtained from a series of staff g gauges es placed 
along | both walls o of the testing | canal. Due to the continual pulsation of the 


water surface at the various gauges, ‘the surface | profile may be a few hundredths 
of a foot i ‘in error. This error is of great importance in locating exactly the 


‘quantities o of flow of from 15 to 74 eu. f per sec. The locus of critical 


ait 


position of critical depth. , Fence, it is believ ed that for | Fi ig. 13, all: the loci of 


- eritical depths in each case would lie in verticals ms the « surface profiles s could 


Attention is called to the position of the tail- water for flow 
eu. ft. per sec. in Fig. 13 (b). For this experiment the hydraulic j jump occurred 
at Station 41, while the point of critical depth lies practically in the same 


tical as in the case of the tests with free flow. ac val 
In | connection with some tests on the hydraulic jump on sloping floors the 


writer. had an opportunity to “series of experiments on a weir with 
inclined up stream and down | stream. These experiments were made i in 
5 ft. wide. The quantities of flow ranged from ¢ 3 to 3 


ace profiles and the loci of critical u sie are shown in| 
roximately 


wag 
at crest of the: weir. 


Senior Drainage Engr., , Bureau of Public Roads, U..S. Dept. of Agriculture, 
7 Received by the Secretary, November ad? et 
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-SINGLE-TRACK TEST 
— EMBANKMENT WITH 
| RAILS REMOVED 


—— of critical Depths. 
ah 


_ Distances along Channel in FOR oc, 20% 
aor Fie 13.—PROFILES OF WATER SURFACE AND LOCI OF CRITICAL 


tical Flow in Cubic Feet per Second ls 4 ft Radius \ 


| Appecently, the author made n no velocity traverses a at the critical section 


1is would hav have added much value to ‘experimental work . The critical 


elocity as obtained from the formula, V, = = Ngo @ per unit of width, is the 


an value for the « critical section. "Vertical velocity « curves for the two largest 


scharges shown, Fig. 14, indicate that the greatest velocity | is next to the 


| of the w eir ar and that the velocity « decreases toward the surface | of the 


r. - ‘This velocity distribution is characteristic of that existing in bends of 


°= Loci of Critical Depths. 
3 Vertical Velocity Curve at Crest for 8.00 Cubic Feet per Second. 
— Vertical Velocity Curve at Crest for 6.00 ( Cubic Feet per Second.' 


| Velocity in Fe 


/ Channel a 

Fig. 14.—PROFILES OF WATER SURFACE AND LOCI OF CRITICAL ‘acai pan 


& 


In Fig. the coefficients obtained for the single and double- track rail: 


embankments. (without rails) are shown for the tests -with tree flow.* + The 


standard American Railway Engineering Association railway embankments 


—_ > may | be considered to have aprons inc inclined up st stream and down stream, the 


— ly slope being joined t to the « crown n by a a curve 1 with a 4 4-£t. radius. Comparison o a 


doubt to the "fact that none of weir shown in Fig. 6 approaches 


of a Tailway er embankment. The cocflicients for ‘the weir with the 


pe. If h (Fig. 13), represents the oritical depth, and H, , the head o n the am 


_ ment, then h = — H. In an actual test, however, this relation does not ave 


the constant generally being less than two- thirds. ‘The | 
“between the actual ratio and the theoretical, 0.666, is used up in ‘overcoming 
friction. on the up -stream face and crown of the embankment and may also be. 


partly due to losses within the mass of moving v water, such as eddies. _ 


; 
* These figures are taken from the on the Bureau is | 


Public Roads, Vol. 11, No. 2, April, 1930. 
+ Proceedings, Am. Soc. C. September, 1930, Papers 
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on 
in cubic | embank- 
feet per | ment, H, 
‘second. feet. 


Critical friction, 
Critical velocity, y,2 |Column (8) 
ve, in feet ae 
per second. 


0. 255 0.616 
686 | 0.422 | 0.615 
: 0.614 

0.628 

— 636 

0.640 
| 0. 648 
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REZ 


or 


6. 
0. 
0. 


— 


track (Fig. 13 (c¢)) embankments are given as well as the amount used up in 
_ friction, ete. ca comparison of the two sets of data shows that a little “greater 


on average, double-track “then: in the single: track 


Tike 


— 
"Sins | in feet. 
<7 19:89 0 5.00 q 
: 
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